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PREFACE 


This book is designed to meet the needs of students who are studying 
Chemistry for such examinations as Higher School Certificate, London 
Intermediate, and First M.B. examinations. It is hoped that it wil^be 
foun^ adequate for a two-year course. The book has originated in the 
desire tc^ import the ideas of modern theoretical chemistry into the labora- 
tory so far as this is possible at this stage. Considerable advances have 
been made during recent years, and these are clearly reflected in modern 
theoretical works. Unfortunately it is easier to learn the new ideas as 
abstractions than to see their applications, and there is always a danger 
of theory running ahead of practice. The author believes that it is* during 
this introductory course as much as at the university that most students 
form their mental habits. It is thus of great importance that the labora- 
tory work should be correlated to a considerable degree with theoretical 
studies. 

This, although widely recognised, is difficult to secure in practice. 
No apology is therefore tendered for introducing a short discussion of 
certain tbeoietical })rmciples into this textbook. The treatment of the 
whole of the practical work within the covers of one book may go some 
way towai€s achieving success in this difficult problem. It is not, of 
course, intended that the book should make reference to larger works 
unnecessary. It is assumed that, larger works are kept for consultation. 
Nevertheless, this hook is complete in itself and contains all the necessary 
data for the experiments described. Afipropnatc reference to theoty, it 
is^Uoped, will secure some of that elusive “ tran.sfer ” of training so that, 
whatever his problem, the student will come to se(‘ his experiments in 
relation to governing theoretical ])rinciples. It has been jireoccupation 
\|ith this problem that has led to the writing of this book. 

It will be seen that, although it is not large enough to serve as a work 
of reference^ this book contains much more than any studimt could be 
expected to do during a two-year course. Selection of exercisers is there- 
fore neces.sary. For the more experienced student some less common 
problems have been included. No experiments offering unusual experi- 
mental difficulty 6r requiring an excessive expenditure of time have been 
included. Although the greater part of the work has been dictated by 
examination requirements, some exercises have been included which have - 
less inevitability about them. This has necessitated a good deal of 
investigation. .. 

The only references given in the text are to two excellent small intro- 
ductfry works by Dr. J. C. Speakman : Modern^Atomic Theory (1938) 
and An Introduction ^o ihe Modern Theory of Valency (1943). These 
convey the stimulating ideas of the larger works by Sidgwick and 
Pauling, and are at the same time of a suit^le size and scope for the 
‘ iii 
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beginner. The a^uthor hopes that in endeavouring to relate laboratory 
experience with modern ideas concerning chemical combination he has 
not forgotten the high traditions of technique and manipulative training 
which must be maintained if the student is in time to become a true 
chemist. It is important that the student should be encouraged to use 
the larger and more specialised works as he becomes proficient — works 
amongst which the following might in particular be instanced : Treadwell 
an^i Hall, Analytical Chemistry. 2 vols. 1944 ; A, I. Vogel, A Texlhook 
of Quantitative Inorganic Analysis. 1943 ; Willard and Furman, Elpmentary 
Quantitative Analysis. 1936 ; L. Vanino, Brdparative Chemie. 2 vols. 
1925 ; A. King, Inorganic Preparations. 1936 ; J. B. Cohen, Practical 
Organic Chemistry. 1937 ; Mann and Saunders, • Practical Organic 
Chemistry. 1940 ; A. Findlay, Practical Physical Chemistry. 1941. 

Mr. L. S. Price, M.A., B.Sc., of Bradfield College, and Dr. H. Irving of 
St. Edmund Hall, Oxford, made some very valuable suggestions when 
the book was being written, and Mr. G. E. Coates, M.A., B.Sc., of Bristol 
University, contributed some noteworthy improvements after reading 
the proofs. For this help the author offers his sincere thanks ; if faults 
remain they are attributable to him. 

A. E. B. 

Clifton, 1946. 
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SOME THEORETICAL NOTES 

These notes and others given throiiglimit this hook are included with 
the aim^f applying theoretical knowledge at every stage of jiractieal work. 
Those given in this introduction are selected on account of their wide 
applicability. Many of the theoretical topics discusied in this book will 
require a fuller treatment elsewhere ; it is with the uppJicaiion of principles 
that we are here ri'ally concerned. 

A great deal of practical work in Chemistry reiiuiros an acquaintance 
with the properties of th(i' commoner elements and their simpler com- 
pounds. It must !)(' presumed that the student has followed an intro- 
ductory course and that he is familiar with the simpler sorts of reaction. 
A knowledge of tin* gmieral methods of making oxides and salts, for 
example, is essential. These, very briefly, are as follows. 

Preparation of Oxides. 

1. Oxidation of an eleimmt by heating in an 

2. Decomposition by heat of the nitrati's of most heavy metals, e.g. : 

2Cu(N() 3)2 =- 2CuO 1 4NO, -f O., 

MercTiry and silver nitrates, howe\(M, too readily change 1,o the metal on 
heating since the oxides are unstable at. high tenqieratures. 

3. Decomposition by heat of the ^^arhonutes and hydroxides of feeavy 
metals, e.g. . 

Mgce^ - MgO + CO, 

2Fe(OH)3 — FcaOa -\~ SHaO 

' In some cases the so-called caibonates and hydroxides are really basic 
salts (cf. copper “caiboiiate” and “hydroxide"). 

Preparati<?n of Salts. 

The common im'thods may be eon.sidenMl with reference to the position 
of the metal in tin* electrochcmieal series (p. 9). 

1. The salts (ff strongly electro-positive elements {Li, Iv, Ba, Na) are 
most often made from the hydroxides or carbonates, e.g. : 

KOII t IICI KCl f 11,0 
BaCOg f 2HC1 = BaCl, h 11,0 + CO., 

2. Rather less electro-positive elements (Mg, Al, Zn, Fc) may b(‘, treated 
with dilute acids, e.g. : 

•Fe^+ H,S 04 - II 2 a FeSO^ 

• 3. Metals just preceding hydrogen and immediately following (Ni, 
Si;, Pb, Cu, Hg), require in general th(‘ action of concentrated acid. Alter- 

M.P.C. 
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natively the oxide or carbonate (i.e. basic carbonate) may be treated with 
dilute acid, e.g. : 

Sn + 2HC1 - SnCL + 

CuC 03 -Cu( 0 H )2 4 - 2 H 2 SO, = 2CuSO, -f CO^ -f SH^O 

4. Sparingly soluble salts are almost invariably made by precipitation 
e.g.: 

AgNOa + NaCl = AgCl + NaNOg 

5. Anhydrous chlorides of heavy metals are made by the action of 
hydrogen chloride or chlorine. Where the element forms two chlorides 
the lower chloride will generally be formed by the action of hydrogen 
chloride and the higher by chlorine. 

Sn + 2HC1 = SnCL f 
Sn -f 2Clo - SnCl^ 

A simple classification of oxides as (a) basic, ( 6 ) acidic, (r) amphoteric, 
{d) neutral, (c) peroxides will no doubt be familiar. Metallic oxides are 
as a class typified by basic character , non-metallic oxides are in general 
typified by acidic character. Allied with this difCerence is the behaviour 
of the chlorides of the elements wlnm mixed with water or aqueous alkali 
While the chlorides of electrojiositive elennaits are stable in water, those 
of the less electropositive (‘lements and the eh'ctronegative elements are, 
or tend to be, hydrolysed, e.g : 

SnCl4-fHl20- 8 n(OH )4 + 4IIC1 
S 1 CI 4 -f 4 H 2 O - Si(0II)4 d- dHCl 

Valency. 

The development of tin* theory of tin* nuclear atom and the electronic 
theoiy of valency has meant Ihe iTansforrmit ion of the study of Chemistry. 
Chemical com[)Ounds become moi(‘ interesting in tlie light of the new 
knowledge, and iJiiMr (“hanges an* more ea.'jily understood. Corresjxmdmg 
roughly to the opj)<)site kinds of chloride iiKUitioned abovi' we now reixig- 
nise electrovalmt and covalent compounds as distinct classes. Sodium 
chloride, an electrolyte, lornsed in solution and in the solid state, is a 
tyfiical electrovalent comjiound. Suljihur monochloride (p. 141) is ])urely 
covalent ; no chloride ions are hbeiated by this compound and the link 
between the sulfdiur and chloniu' atoms is of a different kind from that 
formed when sodium and chlorine unite An account of the mode of 
formation of these links is given m many modern textbooks but Speak- 
man’s An Introduction to the Modern Theory of Valency is esjiecially 
' valuable * (see Chapters 1-V at this stage). 

All that can be said here is that the formation of all kinds of valency 
link is bound up with the attainment of stable groups or “ shells ” of 
electrons for the atoms combined together. The structures of the atoms, 
of the inert gases supply a remarkable clue to some of these stable group- 
ings, and these groupings are the ones attained in very many of the 
commoner elements when they form compounds. 

* Numerous references to this work are given at various points m this book. 
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In the formation of an electrovalent link an electron is completely 
transferred from one atom (the electfopositive element) to the other (the 
electronegative elhment) ; 

Na* + -Cl: ->Na+ :ci:- 

Written in this way the dots rej)resent the electrons in the valency shell 
only.. The resulting ions are held together by electrostatic attractlfin, 
but in water tlie substance ^becomes dissociated and the solution has the 
projierties of an electrolyte. 

A covalent link is formed by the sharing of two electrons in the simplest 
case. One electron is contributed by each atom and an electrically 
neutral molecule is formed. In this way both atoms may attain a stable 
electron sin'll. 

H* + ‘Cl: _>H : Cl: 

Under ceitain conditions a covah'iit link may undergo transition to the 
electrovalent condition. Thus, in water the chlorine atom in hydrogen 
chloride assumes complete control over the bond electrons, leaving a bare 
hydrogen nucleus or proton. This is immediately hydrated (p. 5). In 
benzene solution hydrogen chloride r(*mains in the covalent stat(‘. 

Double ^covalent bonds ^>C— and triple bonds — C C — are 

common m certain conifiounds of carbon. These in gi'iieral show “ un- 
saturiltion ” . the com])Ounds are reactive and show a tendency to add 
on other atoms, thus bt'ing conv(‘rt('d to stiuctures of single bonds only. 

Physical methods such as dilTraction of X-rays, measureme»t of 
dielectric constant and heai of formation, are now largely used to investi- 
gate the naturii of chemical links. Not all links are found to fall into the 
two categories of purely covalent and tdectrovalent links, and modern work 
makes it increasingly more difficult to represent valency any longer in a 
purely numerical way. IVb'thods of representing the facts may indeed have 
to be changed. For example, what were once thought to be double bonds 
in certain compounds are now represented as co-ordinate or co-ionic links. 
The attainment of stable electronic groupings is brought about m these 
cases by an atom contributing both of the ('h'ctrons n'quired for a covalent 
link. While the Mnk, once formed, is jiractically indistinguishable from 
an ordinary covalent link it lacks the comparativi' symmetry associated 
with th(' latter and there is a slight diffierenc.e of charge on the atoms 
joined Syyibols for this link are . A -> B or A'^ B~. 

Covalent links alone possess the property of direction in space. In 
, jthis connection co-ordinate links arc similar ; they are to be regarded 
as a special type of covalent link (“ dative covalency ” is another name). 
The existence of a diretti'^ property leads, among carbon compounds in 
particular, to the existence of isomerism and stereoisomerism. 

It remains to be mentioned that all three types of link may be involved 
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in one compound. Sulphuric acid, for example, is thought to be a covalent 
compound with the structure I or II when it is in th^ anhydrous state. 


0 
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In water the ionised form III is ])reseiit. In III the four oxygen bonds 
ar(‘ ^liown in a non-committal way because of ignorance as to their exact 
nature. 

It will be clear that it is only in a somewhat formal sense that one can 
s])eak of a molecule of an ionised comjiound, or consequently, of the mole- 
cular weight of such a compound. 

Behaviour of Reagents. 

The more familiar acids and alkalis in dilute solution behave as ionic 
r(*agents and may be tliougiit of as mere sources of hydrogen and hydroxyl 
ions ros])ectively. As the solutions are made more concentrated the 
behaviour in some cases is not so simple. Thus, whih* dilute sulphuric 
acid provides and 804'“ 10ns (or more correctly HgO"*" and SO4 
10ns — see p. 5 ) the more concentrated solutions behave as if mainly 
H '■ and ILSCL" 10ns and H2SO4 molecules were present. It then shows 
its pro peril ('s as 
(u) an oxidising agent 

H2SO4 ^ ILO -f SOg -f [ 0 ] 

(6) a suli)honating agent (see p. 198 ) 

H 2 S 04 ^H 0 - SO3II 

Strong hydrochloric acid also behaves as if unionised molecules were 
ju’cscnt. The solution smells of hydrogen chloride, and this gas is easily 
expelled by the addition of conciuitrated sulphuric acid. 

Strong ammonia solution contains relatively few hydroxyl ions and 
there is undoubtedly an (Mjuilibnum between the ions and the unionised 
hydroxide : 

NHg + E ,0 ^ NH4OH ^ NIV + OH- 
The dilute solution is much used as an alkali since it is easy to drive off 
the I'xcess by heat. The presence of Nllg molecules ifi strong ammonia 
solution explains its use m-the preparation of ammines (see p. 151 ). 
Solution. 

The best solvent for electrovalent (and the general class of polar) com- 
pounds is water. Water is known to be an associated Inpiid, that is, it is 
composed, not mainly of single molecules, H^O, but of chains of these, 
molecules ; 




ACTION OS' HEAT % 

in' explanation of this process of' “hydrogen bonding” can V given 
m\y by reference to the principle of “ resonance.” An explanation of 
.his principle caiMiot be given here** but a number of illustrations of 
“csonance effects will be found in later pages. 

The association of water, its high dielectric constant and its smvent 
iction are no doubt related facts. It is a very poor solvent for covalent 
■ompounds as a class. These dissolve best in non-associatcd or ‘‘ normal ” 
jquide like benzene. Water and other associated liquids are tcrnfbd 
ibnormal solvents. 

The faws of solution which we possess are ajiplicable only for con- 
ditions of great dilution. The theory of solution given in textbooks of 
Physical Chemistry regards dilute solutions as analogous with gases, the 
solvent being a kind of “ dead space ” occiijncd by the solute molecules. 
While this IS a fruitful conceyition it cannot strictly be ayiplicd to solutions 
of ordinary strength. We do not know very much about- the extent to 
which molecules or ions are combined with the solvent in most cases, but 
there is no doubt that (hdinite chemical union can occur. The most 
important case is that of tin' oxoniuin (or hydroxonium) ion H^O^. This is 
formed by co-ordination of a hydrogen ion (or proton) by a water molecule : 

H, [R 

>0 + II" - 

[V Lh 

Simjilc hydfogen ions an' thought to be rare in aqueous solution. Experi- 
ment, show^s that m geiK'ral mc'talhc ions are hydrated and that anionF 
come next in importance. 

It should be noted that 'wo ofl,en use the word ” dissolve ” for cases in 
which a chemical change is involved. Thus zinc, “ dissolves ” in h^'dro- 
chloric acid, silver chloride “ dissolves ” in ammonia solution, calcium 
sul])hat(' ” disj?olves " m ammonium sulphate solution. The reasons foi 
the formation of a solution in these cases vary the last two depend on 
the formation of a complex ion and of a double sulfdiate respectively 
Many ” insoluble ” salts can be got into solution by making use of comjile?! 
ion formatK^i, and this is a common })rocedure in qualitative analysis. 

Strictly speaking we should never refer to any salt as insoluble since 
experiment show's that all knowm ” insolubh' ” salts do possess some slighi 
solubility wdiich may be detected by electrical conductivity mi'thods 
The best method *of comparing the solubilities of sparingly soluble saltf 
8 to refer to tables of the solubility products (see p. 8). 

Action of Heat. 

It is unfortunately not possible to give any general rules about th( 
rupture of chemical links by the action of heat. The readiness with which 
'a compound is decomposed in this way is closely connected with tin 
question whether the products are themselves stable substances. Thuf 
ammoniupi chloride break?l up into ammonia and hydrogen chloride quiti 

♦ Cl .Speakman, Valency, p. 77. 
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readily, tut sodiam chloride, which ' if decomposed would give sodium 
and chlorine atoms, can be fused and even vaporised (1441° C.) without 
decomposition. 

Many salts are decomjiosed by heat into an acidic and a basic oxide, 
e.g. the carbonates of (‘;alcium and heavy metals. When the acidic oxide 
is unstable at high temperatures, as is the case with nitrogen pentoxide, 
a lower oxide is formed. Thus the nitrates of many heavy metals give 
thf* metal oxide, oxygen and nitrogen peroxide. The alkali metal nitrates 
are much more stable and w'hen decomposed do so m a different way, 
yielding the nitrite and oxygen. Sulphates in general require a higher 
temjierature for their dccomjiosition, and for this reason are little used 
for tli(' prejiaration of metallic oxides. 

When water of crystallisation is present this is usually liberated at 
a low temperature. The salts of weak bases are often extensively hydro- 
lysed, on heating, by their own water of crystallisation (see p. 15). Thus „ 
the chlorides of Cu * ^ Mg' ^ Zn' ', A1+'* ', Sn^+, Bi+++, Cr^''"'-, 
are among those wdiich evolve a certain amount of hydrogen chloride and 
leave a residue of basic chlondc*, e g 

MgOl^ -1- H 2 O = Mg(OH)Cl -f HCl 

Few inorganic salts will withstand high temperatures without any 
decomposition. Sodium carbonat(‘, used for \ohjmetric analysis, should 
not be heated above 300° C., but even at 10('0" C. the loss of carbon 
dioxide from an open ciucible is veiy slow. For jiurjioses other thanits 
use as an analytical reagent sodium carbonate can be ri'garded as stable 
to heat. Even calcium carbonate requires a high temjieraturc and a 
current of air foi the loss of caibon dioxide to be ajijueciably fast. 

Law of Mass Action. 

When a chemical reaction is reversible : 


A f B C f I) 

it is a well-known fact that complete conversion of the reactants into the 
products is not achieved inilcs,s one of these is nunoved as it is formed 
from tlie reaction mixtur<\ Culdlierg and Waage (1804) stated the law 
that the rate of chemical reaction is projioitional to tlie active mass of 
a reactant, and this jirovides the basis of a simple treatment of a large 
number of jiroblenis It follows from this treatment that the rate of 
reaction is given liy 

r, UAJB] 

All quantities are measured in gram-moh'cules jier litre' The assumption 
IS that till' active masses are equal to the gram-molecular concentrations 
(gram-molecules per litre) written [ ] is then tlu' velocity constant 

for the change. 

It is simple’ to show that when a state of equilibrium has been reached 
in the above reversible change 


\CW^ „ An 
lAJLB] k. 


constant (K) 



LAW .OF MASS ACTION 

The constant K is termed the equilibrium constant, for gas reactions 
the partial pressures may be used :• 

g- 

Vx'Vv, 

It is no longer accepted that molar concentration represents active mass, 
but the new treatment in terms of “ activities ” is not needed at this stage 
provided we realise that the molar concentrations can be used for R)W 
concentrations only. ^ 

The Significance of the equilibrium constant is that it tells us the 
extent to which a reaction will go from left to right. Since it is inde- 
pendent of the amounts of reactants initially present it follows that the 
presence of a large excess of A will ensure the fullest conversion of B. 
This fact is of importance in many preparations in organic chemistry 
since one of the reactants may be expensive or difficult to make. 

The Theory of Ionisation. 

Tv]jical electrovalent compounds, like the alkali halides, are ionised 
completely in the solid state and in solution. The term d issue iation is 
u})plied to the sejiaration of the ions in solution so that they behave 
itxlcjxmdently in the carrying of current and in cryoscopic effects. It is 
considered that such com])ounds as th(‘ alkali halides jirovide no simple 
moh'cules, but that eh^ctrostatic forces between the ions lead to the jirac- 
tical irnmol'ilisalion of a certain proportion of the ions at any instant. 
The mobility of the ions, in carrying an electric current, is reduced by 
a kmfi of eh'ctnc viscosity. In solutions of weak electrolytes, which are 
only feebly dissociated, the same retarding forces are at work, but the 
effect IS slight owing to the low coruamtration of ions. ^ 

In 1888 Ostwald showed that the dissociation of weak electrolytes 
like acetic acicl is in accordance with th(‘ law of Mass Action. 

HAc IP -f Ac- 


Hence 


[HOIAcO 

[HAc] 


where K is the dissociation constant. This is now accepted as the best 
entenon of a wi'.ak (dectrolyte. The values of the dissociation constant 
vary widely. For acidic acid and ammonmin hydroxide the value is 
18 < 10^^ ; for ^lydrocyanic acid it is 7-2 X 10“^®. No constant is 
obtailK'd in the case of salts or strong acids and alkalis. These are 
belu'ved to b(‘ practically comphMely dissociated- certain exfierimeiital • 
faci s were formerly supyiosed to indicate 9') pen cent, or more in very nniny 
cases, but evim this estimate is now thought to be too low. 

One of the most striking results which emerges from a study of ionic 
dissc^ciation is that the sodium and even the ammonium salts of weak 
acids like acetic acid aA^ ajmost as strongly dissociated as sodium chloride. 
The reason for this is that the hydrogen ion can go over to the covalent 
state owing to its small size relative to the anion. The arguments advanced 
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by Fajans explain the greater difficulty attending such a change in the 
case of cations of large volume — sueh as Na+, K+. 

Another useful conclusion is that dibasic and tribasic acids dissociate 
in sta'ges : , 

H2SO4 ^ 11 + -f Hsor ^ 2H+ + sor- 

The second stage dissociation is always weaker than the first since it of 
coiJrse requiH's more work to remove the second ion from the nega- 
tively charg<Mi fIA~ ion. It is not surprising, therefore, that when they 
ai‘e sufficiently stable, crystalline bisulphates separate from reaction 
mixtures containing concentrated sulphuric acid. The bisulphates of 
alkali metals are well known ; those of bivalent metals are somewhat 
unstable. 

Solubility Product. 

The application of the law of Mass Action to th(' ionisation of a binary 
electrolyte gives us, as ab()V(% the formula for tin' dissociation constant. 
If th(‘ compound is sparingly soluble the bringing together of its ions m 
suflicient^ concentra.tion will bring about precipitation. We then have 
the ecjuilibria : 

AR ^ AB A+ + B- 

Bolid dissolved 


If the Mass Law is obeyed we have, for the second equilibrium : 


[A+iin 

[AB] 


- K 


and if excess of the solid form AB is present the denominator may be 
regarded as constant and we have 


[A*][B'] = constant (S) 


This derivation of the solubility produet (S) cannot be regarded as satis- 
factory since sparingly soluble salts are certainly liigbly dissociated An 
alternative derivation winch docs not require the suppo.sition of a molecular 
form IS indicated 011 ji. 88 The ini|K)rtant fact is that tin' equation for 
the constant S is found to hold good for sparingly soluble] compounds 
even when foreign ions are present — as they commonly are — jirovided 
these do not exceed a concentration of about 0-2N to 0'3N. (For exjilana- 
tion of normalities see ji. 47 ) As will he seen, the ni».ucric.al values are 
very small. 


AgCl l-2xl0'*« 
AgBr 3-5 X 10-13 
Agl 1-0 X 10- 
PbCL 2-4 X 10-* 
PbS 4-2 X 10-“ 
HgCl, 2-0 X 10- 31 
CuS 8-5 X 10-13 


HgS 4-0 X 10-33 
BiA 5-6 X 10-39 
SbjSj 3-4 X 10-31 
AsA 4-5 X 10-33 
Fe(OH), 1'6 X 10-1* 
Fe(aH); M X 10-33 
A1(0H)3 8-5 X 10-33 
Cr(OH )3 2-9 X 10-39 
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The above compounds are a selection of those which are of importance 
in analysis. • 

The theory of*precipitation, the common ion effect and the ionic pro- 
duct of water are among the topics which are discussed in the notes to 
the sections on analysis (p. 13 and p. 51). 

The Electrochemical Series. 

A metal in contact with a solution of its own positive ions is fouiK^ to 
develop a difference of potential with respect to the solution. Some 
metals 8R’e charged positively, others negatively, under similar conditions. 
In the case of those which are charged negatively there can be little doubt 
that the magnitude of the potential difference is a rough indication of the 
tendency of the metal to go into solution in the form of ions. These 
potential differences are calculated on the arbitrary basis that hydrogen, 
m contact with a Molar solution of its ions, develops zero potential. 
Ill contact with Molar solutions of their own ions the more common 
metals give the following ])oteniials 

Li/Li^ — 2 9() volts Zn/Zn+'t — 0 7() 

K/K+ - 2 92 Fe/Fc++ - 044 

Ba/Ba++ - 2 90 Cd/Cd++ - 040 

Na/Na+ - 2-71 (b/Co^■+ - 0-29 

Mg/Mg++ - 2 38 • K1/N1++ - 0-23 

Ar/Al+++ - 1-69 8n/Sn++ - 014 

Mn/Mn++ - MO Pl)/Pb++ - 0 12 

H 2 /H+ 0 00 

The Metals which follow after hydrogen give jiositive (dectrode potentials, 
as also, do certain non-metals. The determination of the electrode poten- 
tials of the latter is more dihicult and the results are more uncertfli^ 


Ou/Cu++ + 0 34 

11 

t 0 54 

Hg/Hg+-+ + 0 Hf) * 


- + 0 40 

Ag/Ag* -f (KSO 

Br Ttr 

+ 1 10 

Au/Au++ -f 1 3G 

01/01- 

1 1 30 


• The existence of these potentials may be attributed to a tendency of 
the element to form an ion either by surrendering an electron or by gain- 
ing one, bifr quantitatively the potential is not of great value and the 
correlation of the table with chemical projiertios can be carried out only 
in a very general way. The more electropositive elements will displace 
less electropositive elements from the ionised condition : 

Mg -f Cu++ - Mg+ -f Cu 
and similarly, at the other end of the table : 

01 + I- - 01- + I 

* • The order of the metals agrees also with their reactions with steam and 
with dilute acids. It appears likely that the action of an oxyacid on 
a metal which comes ‘after hydrogen in the table takes place by direct 
aertion of the metal, which, by losing electrons is oxidised (see below). 
The theory, for example, that the reaction of concentrated sulphuric or 
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nitric acids on copper involves the intermediate formation of nascent 
hydrogen appears improbable. 

Oxidation and Reduction. 

A general conceptiop of oxidation must embrace all cases of combina- 
tion of an clement with electronegative elements : oxygen, sulphur, 
chlorine, etc. More generally still, oxidation may be defined as an increase 
in fhe electronegative i)art of an electrovalent compound ; the essential 
process being the removal of electrons from the substance oxidised. 
Thus we may represent the oxidation of ferrous chloride It) ferric* chloride 
as follows : 

SFeCla -f CI2 = 2FeCl3 

or : 2Fe++ + 4 C 1 - + Cl, - 2 Fe+++ + fiCl' 

This may be reduced further by cancelling out what is common to both 
sides : 

2 Fe^+ + CI2 - 2Fe+ * ^ + 2 C 1 - 
In the oxidation of hydrochloric acid by manganese dioxide : 

4 IIC 1 f MnO.^ - M11CI2 + CI2 -f 2H2O 

it is easy to see that the essential process is 

Mn++++ -} - Mn++ + Cl^ 

but it is necessary to assume that substances like metallic oxides can be 
given an ionic formula. While this is true in many cases it ‘xS not true 
universally. . 

The definition of oxidation as tin* removal of electrons is accordingly 
limited to the reactions of electrovalent compounds. In the oxidation 
of covalent compounds there may lx* no transfer of electrons, e.g. : 

CH4 -[- 2O2 = CO, -1- 2R,0 

In such a case it will be found that each element has the same number of 
electrons in its outer shell before and after the change. 

Substances must be regarded as oxidising or reducing agents in the 
aj)})ropriate conditions only. Nitrous acid, for exanijih*, will decolorise 
potassium permanganate solution, but it will also liherati* ividine from 
acidified potassium iodide solution. 

2KMn04 -h 3H2SO4 d- bHNOa - bHNO., -f- -| 2Mn804 -f SH^O 

2HNO2 d- - 2H2O I h d •' 

Sulphur dioxide will reduce feme salts to ferrous salts, but it can ijlso 
oxidise a concentrated solution of ferrous chloride in the jiresence of 
hydrochloric acid : 

2 FeCl 3 d- 2H2O d- SO2 - 2 FeCl 2 -f H2SO4 -f 2 HC 1 
dFeClg d- 4 HC 1 d- SO2 - dFeClg d-2H,() -f S 

The factors of concentration and temperature often' have a great influence 
on the course of a reaction, a fact which is well illustrated by the reactions ' 
of nitric acid on metals. A range of reduction products, from ammonia 
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and hydroxylamine to nitrogen peroxide may be obtained according to 
conditions. In organic chemistry yie oxidising action of nitric acid is 
exhibited most commonly in dilute solution, the concentrated acid being 
rather a nitrating agent. When used for nitration it is therefore imp9rtant 
to prevent dilution by the water eliminated. * 

CeHe + HNO3 - CeHfiNO, + H^O 




QUALITATIVE ANALYSIS 


THEORETICAL PRINCIPLED 


Som« reference to the theory of ionic dissociation has been made in 
the introductory pages. Here we assume that mineral acids, the caustic 
alkalis and all salts are dissociated more or less completely into their ions. 
We have to deal with an equilibrium between ionised and unionised 
forms only in the case of weak acids (e.g. H.^S, CH3COOH) and ammonia 
(NH,OH). 

Solubility Product and the Theory of Precipitation. 

Although the orthodox elementary th(‘.ory is not ]iarticulaTly successful 
in more than a qualitative way, the general principles employed in the 
following treatment are of considerable value. They are illustrated here 
chiefly by a discussion of the use of hydrogen sulphide. 

Hydrogen sulphide is a very weak dibasic acid. The first stage 
dissociation 

H 2 S ^ H+ + HS- 

has a dissociation constant of 9*1 X 10 “®. For the second stage 
HS- ^ IV -f 8 -■ 

the constant is 1’2 X 10 “^"’. The saturated aqueous solution at 25 ° 
contains approximately 0-1 gram-molecules jier litre (0-1 molar), s^ it is 
possible to calculate the concentration (d sulphide ion in gram-ions per 
litre. 


and 


Now 


[H+][HS-] , 


: 9-1 X 10-* 


LH,S] 

[HjS] = 01 und [HO - [HS'l 
[HS- ]2 =- 9-1 X 10 * X 0-1 9-1 X 10-» 

[HS-] = 9-5 X 10-* 

|flS I 

( 1-2 X 10 -^^)( 9-5 X 10 -^) 


1-2 X 10- 


LS- 


9*5 X 10-^ 


= 1-2 X 10 (gm.-ions per litre). 

When hydrogen sulphide is bubbled into a solution of copper sulphate 
in -v^ater a black precipitate of copper sulphide is formed. From the 
table of solubility prddugts on p. 8 we see that 
[Cu^+][S--] - 8*5 X 10-46 


* A gramnion is the weight of the ion (from atomic weight tables) expressed in 
grams. 
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and Hince 


[S— ]= 1*2 X 10-« 


[Cu++] = 


8-5 X iO- 


1*2 X 10- 


- 7-1 X 10-?o 


This beans that there <mu8t be this concentration of copper ions present 
in the solution at the end. If the original solution was decinorraal the 
change in concentration, in gram -ions per litre, as a result of precipitating 
tht sulphide, is from 10“^ to 7-1 x lO'®®. In practice hydrogen sulphide 
is used in either acid or alkaline solution and this has a substantial effect 
on the result, as will be shown later. ' 

Note on Sulphide Ion Concentration. 

Many authors have questioned if sulphides are precipitated by the 
sulphide ion as a physical fact, and even if the process is an ionic one at 
all. If there are 1-2 X 10“ gm.-ions of the ion in one litre we can, by 
means of the Avogadro number, calculate the number of ions in a given 
sample, say 10 c.c. Since the Avogadro number N — 6-06 X 10^* there 
will be, in 10 c.c. of saturated hydrogen sulphide 


(6-06 X 1023)(l-2 X 10-15) 
100 


= 7-27 X 10® ions. 


The presence of dilute acid greatly reduces this number, however, and in 
0*2 N. hydrochloric acid solution, when [S”"] — 3-5 X 10-^^ the number 
of ions in 10 c.c. would be only 2 ! Since Bulj)hides can be precipitated 
in such concentrations of acid it appears very probable that it is the 
HS" ion which is directly responsible. The process should therefore be 
represented by a scheme such as : 

M++ 4- 2HS- ^ M(HS)2 ^ MS-fHgS 

II dissolved 


S— + HaS 


11 

MS 

solid 


It can be shown that this would not alter the treatment of the problem 
from the standpoint of the law of Mass Action, i.e. sulphides are still 
precipitated when their solubility products are exceeded. 

Common, Ion Effect. 

In the equilibrium of any weak electrolyte with its ions : 


BA ^ 4- A- 


an increase of [B'^] must mean that [A ] is decreased and [BA] increased 
BO that the expression 

[B^][A-] 

— remains constant. 

[BA] 

The correctness of this idea has been tested and it appears to be satis- 
factory even in the case of silver chloride, ^which although sparingly 
soluble, is not a weak electrolyte. Where we can regard [BA] as constant, 
e.g. when excess solid is present in contact with the solution, we obtain 
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the ■ usual formula for the solubility product : [B+j[A~] = constant. 

It follows that by increasing [B+] can reduce [A“] as far as we please 

vice versa (provided that no secondary changes such as complex 

ion formation occur). The presence of a large concentration of hydrogen 
ion must therefore cause the reduction of the sulfihide ion concentration 
in solutions of hydrogen sulphide. In 0-2 N hydrochloric acid, as men- 
tioned, the concentration of sulphide ion in a solution saturated with the 
gas at 25° is calculated to be only 3*5 X 10 ” 22 . Since a metallic 
sulphide is precipitated only when its solubility product is reached, there 
may not be enough sulphide ion present for any precipitate to be formed. 
The#sulphides of nickel, cobalt, manganese and zinc are all of them pre- 
ci})itated only by a relatively high concentration of sulphide ion and they 
are accordingly not precipitated from such acid solutions. In this way 
hydrogen sulphide may be used first in acid conditions and then in alkaline 
to separate two groups of metallic sulphides (groups II and IV of the 
qualitative analysis tables). 

Other common ion effects are well known and much used in effecting 
analytical separations. The dissociation of NH4OH 

NH4OH ^ NH4^ + Oil- 
can be “ repressed ” (i.c. diminished) considerably by the addition of an 
ammonium salt to the solution. Since ammonium salts arc completely 
dissociated ithe NH 4 + ion concentration may be so high and the OH" ion 
so low that the solubility products of some metallic hydroxides cannot 
be re.Ahed. This is very })rbbably the reason why NH4OH in the presence 
of NH4CI will not precipitate the hydroxides of Ni, Co, Mn, Zn and Mg 
although it will precipitate those of Al, Fe and Cr. It should be npted, 
in passing, that the solubility products show ferric hydroxide to be much 
less soluble th^n the ferrous comjiound. The removal of iron by pre- 
cqatation of the ferrous hydroxide is therefore unsatisfactory. 

Instead of repressing the dissociation of weak acids or alkalis by the 
addition of common 10 ns it is possible to increase the dissociation in 
certain cases. If hydrogen sulphide is absorbed in a feebly alkaline 
solution of a nickel salt the sulphide is precipitated, whereas in acid 
solution no precipitate is formed. Here we have to consider the equilibria : 

HaS ^ H+ d- HS- ^ 2H+ -f S-- 

H 2 O ^ OH- 1- H^ 

Since water is practically unionised the presenc^‘ of a large concentration 
of OH- ions causes the withdrawal of H+ ions to form HgO. The removal 
of IH ions causes more HjS to dissociate so as to maintain the dissociation 
constant. In this way the S '" ion concentration is greatly increased. 
Hydrolysis. 

The fact that practicably all salts are highly dissociated, whereas the 
corresponding acids or bases may be feebly dissociated, leads to the 
phenomenon of hydrolysis. In the scheme 
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BA ^ + ’A'! 

Hfi ^ OH-; + :h+; 

‘ir i' 

B(OH) HA 

(a) (b) 

effcher of the equilibria (a) or (6) may be present ; or both equilibria mnv 
exist. This depends on whether the base B(OH) or the acid HA is strong 
or weak or whether both are weak— as in ammonium acetate. Sodium 
acetate solution behaves as an alkali because acetic acid is a weak acid 
the removal of H'*' ions to form unionised acetic acid means that to restore 
equilibrium more water must dissociate. There is consequently an excess 
of OH “ions present. If the base is weak instead of the acid, a hydroxido 
(or a basic salt) may be ])recipitated. Bismuth chloride, dissolved in 
excess liydrochloric acid, ^ives a white precipitate of the oxychloride on' 
dilution with water. 

Turbidity of solution is fnajiiently caused by' hydrolysis, and if tins 
IS due to the sejiaration of a hydi oxide or basic salt all that is necessary 
is to reduce drastically the concentration of OH“ ion so that the solu- 
bility product cannot be attained. This is done quite simply by the 
addition of some mineral acid. Piovided there is no “ double deconn 
position ” any strong (i.e. strongly dissociated) acid will do. 

Notes on Manipulation. 

The first rule of analysis is e/ma/mm*. Test tubes should be O’V.aned 
and filled with water when })ut away in the rack. The apparatus cup- 
board or drawer should be checked so as to see that it contains the ordinary 
apparatus and there is no accumulation of other things. During work 
the bench should be kejit clear of unnecessary bottles and, above all, 
clean and dry. 

in trying to obtain a solution of a solid use only vimy small quanti- 
ties during preliminary tests so as to obviate filtration as far as possible 
Do not heat test tubes which are much more than half full, and when 
heating, heat evenly and with gentle shaking or stirimg. 

Shaking a test tube with the thumb on the opim end is obviously 
inadvisable when it contains strong acid or alkali. It is also not safe 
(a) when gases are evolved, and (h) when the test t’’'be contains a hot 
solution. In the latter case the expansion of the air may cause unexpected 
spurting. 

If the evolution of an inflammable gas is slow and it is desired to apply 
a light, it is a good plan to place a small piece of paper over the open end 
for a minute or two so as to reduce dilution with the air. 

Much time may be saved by decanting a solution jirior to filtering off 
a precipitate. Use as narrow a beaker as possible ; leave the ppt. to 
settle and then gently incline the beaker so as to p6ur off the supernatant 
liquid as far as possible. 
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V When filtering off a solid the filter paper should nevfir project above 
Ihe edge of the funnel. The paper should be folded in pleats for filtering 
L hot solution or whenever the ppt. is not required afterwards. When 
El ppt. is to be removed from the paper the ordinary method of folding 
an quarters should be used. If the ppt. is bulky the simplest method of 
ffemoval is to take the paper out of the funnel, open it out carefully, and 
[then to lay it face downwards over an evaporating basin. On tapping 
gently .with the fingers the ppt. disengages itself. Alternatively the ppl. 
may be scraped off the open filter paper with a spatula. 

If the ppt. is to be dissolved in a reagent the paper need not be removed 
from the funnel. With the end of a glass rod a hole is made in the filter 
paper and the ppt. is then washed through with a little water from the 
wash bottle, or using a little of the reagent (provided this is not concen- 
trated sulphuric or nitric acid which attack filter paper). 

Reagents Employed in Qualitative Analysis 

The following are the reagents which are most frequently required, 
together with the formulae by which (for brevity) they are represented on 


occasions in the text. 

Dilute and concentrated hydrochloric acid HCl 
Dilute and concentrated sulphuric acid 
Dilute and concentrated nitric acid HNO3 

Dilute acetic acid HAc 

Dilute sodium hydroxide (caustic soda) NaOH 

Dilute ammomum hydroxide NH4OH 

Ammonium chloride solution NH4CI 

Ammonium chloride solid NH4CI 

Ammonium carbonat-e solution (NH4)2C03 

Ammonium sulphide solution (NH4)2S, 

Calcium sulphaU' solution CaS()4 

Sodiuni phosphate solution Na2HP04 

Barium nitrate solution BalNOa)^ 

Banum chloride solution BaClj 

Silver nitrate solution AgNOg 


Bench reagents, when dilute, are usually about 3N or 5N (N = Normal, 
cf. p. 47). 

Also required are : 

Strong ammonia solution (density 0 88 gm./c.c.) 

Mercuric chloride solution 
Stannous chloride solution 
Feme chlondi! solution 
h’errouB sulphate crystals 
Lead aoetate solution 
Ammonium molybdate solution 
Borax 

Cobalt nitrate solution 
Potassium dihydrogen antimonate solution 
Sodium cobaltinitrite solution 
. Potassium dichromate solution 
Potassium ferrocyanide solution 
M.P.O. 


HgCla 

SnCla 

FeClg 

FeS04-7H20 

PbAc2 

(NH4)2Mo04 

Na2B4(), lOH,/) 

Co(N03)2 

KH2Sb04 

Na3Co(N02)6 

K^Cr^O, 

K4Fe(CN)e 


o 
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Potassium permanganate solution KMnOi 

Hydrogen peroxide (10 volume or 20 volume) H,Oj 

Manganese dioxide • MnO, 

Oxalic acid MOx 

Ammonium oxalate NH^Ox 

Ammonium acetate NH4AC 

Red lead PbgO^ 

Sodium bismuthato NaBiOj 

Copper turnings 
Alcohol 


Useful organic reagents : 

Dimethyl glyoxime (in alcohol) 

Resorcinol (in alcohol) 

a-nitroso-/5-naphthol (in water + drops of NaOH) 
Benzidine (in 10 per cent, acetic acid) 

Gases : 

Hydrogen sulphide— from Kipp's apparatus. 

Sulphur dioxide— from bottle of liquid sulphur dioxide. 


INTRODUCTION TO THE TESTS USED IN QUALITATIVE 
ANALYSIS 

For the student who is beginning work in this subject a good method 
of obtaining a grasp of the tests used is to work through ta number of 
exercises using hiown salts. This brings a sense of familiarity with tlii' 
various metallic and acid radicals — and their individual yieculial’ities-- 
which will fully repay the time spent. After trying out the reactions of 
som,e representative metallic and acid radicals so as to employ eacli 
reagent at least once the student will better grasp the scheme as a whole 
It is not, of course, suggested that each metal and acid radical should be 
examined as this would take too long. 

METALLIC RADICALS 

Experiments on Group I. Use solutions of the nitrates of Ag, Pb, 
Hg(ous). 


Test. 

Ak+ 

I’h^+ ' 

3RV + 

Add dilute HCl. 

White ppt. 

White })pt. 

[ 

Willi ppt. 

Boil ppt. with water. 

Insoluble. 

Solul.le 

In.'.olubh'. 

To ppt. add JSiH^OH. 

Dissolves. 

Insoluble. 

Blackens. 

Add KgCrO^ solution. 

Dark red ppt 

Yellow ppt. 

Brick red' ppt. 

To ppt. add dilute HAc. 
and warm. 

Soluble. 

In^olifble. 

Soluble. 
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Experiments on Group II. Use solutions of the chlorides made 
by dissolving the salts in water or th^ oxides in dilute HCl. Acidify the 
solution slightly with HCL 


Test 

Hg^+ 

Bi+++ 

Cu++ 

1 1 

Cd++ 

1 

Pass HgS through 
solution. 

Black ppt. 

i 

Black to 1 
brow n ppt | 

Black ppt. 

Yellow pp* . 

To ppt. %dd IS’aOH 
f few drops 
(NH.jjS.. 

Insoluble. 

Insoluble. 

Insoluble. 

Insoluble. 

See if ppt. dissolves 
m hot dilute HNO3. 

Insoluble 
(goes whiU'.*} 

Soluble. 

Soluble. 

Soluble. 

To solution add 

White ppt. 

White ppt. 1 

Light blue 

White ppt. 

: NH4OH in excess. 

Insoluble 

Insolulik' ' 

jipt. sol- 

Soluble in 


in excess.! 

in ex(!ess. 

uiileinex- 
1 (ri'HH to 

1 dark blue 

I solution. 

excess. 


The remaining four metals of this group differ in tliat their sulphides 
are soluble# in yellow ammonium suljdiide solution. The above are 
designated Group 11 A and the following Grouj) IIB. 


Test. 

As+++ 

Sn^ + 

Sn++++ 

Sb+++ 

Pass HgS thfough 

Yellow ppt. 

Brown ppt. 

Yellow ppt. 

Orange ppt. 

solution. 




d'o ppt. add NaOH 

Soluble. 

Soluble. 

Soluble. 

Soluble. 

,-i a few drops 





Se(> if ppt. dissolves 
ill hot dilufe HNO3. 

Soluble. 

Soluble. 

Soluble. 

Soluble. 

' To solution add 
in exeea. 

1 

No ppt. 

White ppt. 
Insoluble 

in excess. 

White ppt. 

I nsoluble 

in excess. 

White ppt. 

1 Insoluble 
in excess. 


* 'fhe sulphide is converted into the white Hg(N08)2-2HgS. 
t “ Inl'usihle w^hrte precipitate ” HgNHj,CI. 
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Experiments on Group III.^ Use solutions of the sulphates or 
chlorides. 


T,M 

Fe+++ 

A1+++ 

Cr++-t 

‘Ndd a little NH^Cl solution 

Red -brown 

White ppt. 

Dull .green 

and th(‘n ISiILOH. 

ppt. 


ppt. 

'I’o ppt. add NaOH in excess. 

Ppt. insoluble. 

Ppt. soluble. 

Ppt. soluble. 

If solution formed add HgOj 

— 

— 

Yellow solu- 

and warm. 



tion. 


Experiments on Group IV. Use solutions of the sulphates. 


Test. 

Co++ 

Ni+ + 

Mn++ 

Zn++ 

AddahttleNH^Cl 

Colour change 

Colour change 

Slight brown 

No 

solution and then 

from pink to 

from green to 

ppt. may 

change. 

NH4OH. 

Then pass HgS. 

brown. 

Black ppt. 

blue. 

Black ppt. 

form. 

Flesh-col- 
oured ppt. 
turns brown 
on filter. 

White 

Borax bead teat 
on ppt. if black 
(p. 25 ). 

Deep blue. 

1 

Reddish 

brown. 

ppt. 


Experiments on Group V. Use solutions of the chlorides or nitrates. 


Tent. 

Ca++ 

Sr++ 

Ba++ 

To solution add NH^Cl, NH^OH 

White ppt. 

White ^t. 

White ppt. 1 

and then (N 114)2003 solution. 


Wash ppt. on filter and do llame 

Brick red. 

Crimson.. 

Green. 

test (p. 30 ). 




To solution add CaS04 solution. 

No ppt. 

Faint ppt. on 
standing. 

1 

Immediate 
heavy ppt. . 

• 
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Experiments .on Group VI. ^here is no group reagent. Use 
magnesium sulphate or nitrate solution, potassium and sodium chloride 
solutions. 

1. To a solution containing Mg++ add (NH4)2C03 solution : white 
ppt. Then add NH4CI solution : the ppt. will redissolve when sufficiejit 
NHiCh has been added.* 

To a solution containing Mg++ add a little solid NH4CI, NH4OH and 
then NajHP04 solution in excess : a white crystalline ppt. is formed. 
Its formation may be hastened by scratching the side of the test-tube 
with a glass rod. 

2. t To a solution containing K+ add a freshly }>repared solution of 
sodium cobaltinitnte (m acetic acid) : yellow crystalline ppt. 

Test the solution containing K+ with litmus paper. If acid, add 
a little solid sodium acetate ; if alkaline, neutralise with acetic acid. 
Add excess sodium hydrogen tartrate solution or saturated tartaric acid 
and scratch with a glass rod : white ppt. 

Flame test : Lilac. Visible through cobalt blue glass (see p. 30). 

3. To a solution containing Na ^' add a few drops of NH4OH to make 
slightly alkaline, heat to boiling and add a boiling solution of potassium 
dihydrogen ^ntimonate (potassium “ pyroantimonate ”) : white granular 
ppt. 

Flgme lest : Persistent yellow (see p. 30). 

* ThiV iH not n ease of there now being mfluffieient COj, 10ns , m the presence 
of Cl~ ions the complex ion [MgCl.,]" is formed and there are then fewer Mg+"^^ionB 
m solution. 

t Ammonium salts also give these tests. 
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ACID RADICALS 

Introductory tests on the Reactions of Common Acid Radicals: 
Use sodium or potassium salts for the following experiments. 

Two general reactions are much used : 

Test A : Add dilute HCl to the solid salt. If no reaction takes place 
in the cold, or if the reaction is slow, the mixture is warmed. 

Test B : A little concentrated sulphuric acid is added very cautiously 
to the solid salt. In testing a simple salt this test need not be carried out 
if a positive reaction is obtained in A. It must be remembered that if 
dilute HCl produces effervescence, a much more violent effervescence 
must be expected with concentrated H2SO4. 


Aoid radical. 

Tent A. 

Confirmatory test. 

Carbonate, 

CO2 given off. Gas turns 



bicarbonate. 

lime water milky. 


Nitrite. 

Red-brown fumes of N2O4 

Solution of nitrite + FeS04 


acid to moist litmus })aper 

solution and acidified with 
HAc : dark browm colour. 

Hypochlorite. 

ChloriiK' given off • reddims 

A drop ol cobalt nitrate 

and tlK'Ti hU'aches litmus. 

solution added to hypo- 
chlorite solution gives a 
black })pt. 

SulphiU'. 

SO2 evolved (smi'll). Gas 

Sulphite solution decolor- 

turns diehromat<‘ jiapii 

ises jxTinanganate solution. 


gre(*n. 

Same as for sulphite. 

ThioRul])hat('. 

as for sulphite, but S 
also lilierated. 

Sulphide (F('S 

HjS evolved (snu'll) G.c 


can be used 

blackens PbAi; paper. 


here. 




Acid radical. 

Test B. 

Confirmiil ory test 

Chloride. 

HCl gas evolved (dense 
fumes with NH3). 

AgN03 solution and a little 
IINO^ added to chloride 
solution gives -lii'iise white 
]»pt. soluble in N1-140H. 

Bromide. 

Reddish acid fumes of 
Bro -I HBr. Fumes darken 
if MiiOg added to mixturi'. 

AgNOg test as abovi* gives 
pah' yollow' ])pt. Slightly 
soluble in NH4OH. - 

Iodide. 

Violet vapour acid fumes 
(80.2, HjS may be jiresent). 

1 

AgNOg test as above gives 
j pale yellow to yellow ppt. 

1 insoluble in NH4OH. j 
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Aoid radical. 

Tost B. 

• 

1 

Confirmatory test. 

Fluoride. 

Pungent acid gas which 

AgNOs test as above gyes 


fumes in moist air. Mix- 

no pj)t. 


ture requires warming. 

Warm mixture of solid fluor- 
ide 4- sand + drop cone. 
H2SO4 : drop of water 01 % 
rod becomes covered with 
“ skin ” on exposure to gas 
evolved. 

Nitrate. 

Acid fumes of HNO3 

Place a crystal of FeS04-7H20 


( + N2O4 ) on wanning. 

in a few drops of nitrate 


Addition of copper turnings 

solution on a white tile and 


causes evolution of N2O4 m 

add tw o dro])8 cone. H2SO4 : 


quantity. 

brow'll coloration. 

^Formate. 

Brisk evolution of CO on 

Neutral AgNOg solution + 


warming. Gas lights with 

neutral solution of formate 


blue flame. 

gives white ppt. going black. 

Acetate. 

Strong smell of acetic acid 

Ferric chloride solution gives 


(vinegar) on warming. 

red coloration with neutral 
acetate solution. Red ppt. 
forms on warming. 

Oxalate. 

CO and COj (gas burns with 

Oxalate solution -1 dilute 


difficulty and turns lime 

H2SO4 decolorises perman- 


w^ater milky). No charring 

ganate solution on warm- 


takes place. 

mg. 

Tartrate. 

CO and COg as for oxalate 

AgNO^ added to neutral tar- 


but solid (diars rapidly. 

trate solution gives white 
ppt. If this almost dis- 
solv(‘d up 111 NH4OH, mix- 
ture on warming deports 
silver mirror. 

Chromate, 

On warming Og evolved. 

Acid solution -b HgOg gives 

dichromate. 

• Ptclights glowing splint 

int(‘ns(‘ blue coloration. 

1 

(reaction is slight). 

Excess H2O2 causes decom- 
position to green solution. 

Chlorate. 

Violent reaction {use 2 or 3 
drops acid only), explosive 
ClOy liberated. 


Sulphate, 

No leaction. 

Addition of dilute HNO3 and 

hisulphate. 


Ba(N03)2 solution to solu- 
tion ol sulphate gives dense 
white ppt. 

Phosphate. 

No visible reaction. 

Freshly made solution of 
ammonium molybdate m 
HNOg added in excess to 
phosphate solution -|- HNO3 
gives on warming a yellow 
ppt. 

• Arsenate. 

No visible reaction. 

Ammonium molybdate test 
as above gives yellow ppt. 
on boiling. 

Borate. 

No visible reaction. 

Mix powdered solid with a 
little methyl alcohol in 
a porcelain dish. Add 5 0 r 
10 c.c. cone. H2SO4 and 
Ignite vapour. Green-edged 
flame. * 
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ANALYSIS OF A SIMPLE SALT 

The reactions used in the introductory exercises art here employed to 
ronsi.ruct a sclieme of analysis for identifying the metallic and acid radical 
of a simple salt. As Vill be seen the same group tests are employed in 
the analysis of a mixture of salts (p. 35), but there, of course, filtration 
frequently necessary. In examining a simple salt no filtrations are 
necessary for the application of the group tests ; a fresh sample-iof the 
substance should be employed for each group until a precipitate is 
obtained. 

It will be evident from the foregoing exercises that the groups into 
which metallic radicals are divided are : 

I Sparingly soluble chlorides. 

II Sulphides which are precipitated in moderately acid conditions, 

III Hydroxides which are precipitated by a lo;w concentration of 

hydroxyl ion. 

IV Sulphides which are precipitated by a high concentration of 

sulphide ion (alkaline conditions). 

V Sparingly soluble carbonates. 

VI Magnesium, sodium and potassium. 

The test for ammonium salts should always be carried out beforehand 
— together with one or two other jireliminary tests (below). These tests 
should not occupy more than a few minutes and may yield valuable 
information. (In recording the results of tests negative results should 
not be omitted.) 


PRELIMINARY TESTS* 

Record the appearance of the substance, viz. colour and crystalline 
or non-crystallme appearance. If white, the salts of Cu, Fe, Mn, Cr, Co, 
Ni are very probably absent. Also absent are chromates, dichromates, 
oxides of Pb, Cu, Hg, Cr, Fe and all common sulphides except ZnS. - 

1 . Action of heat on the solid. A little of the solid should be heated 
in a clean dry ignition tube. If a gas is evolved it may bt necessary to 
repeat the test, using a dry test tube fitted with a right-angle delivery 
tube in order to test for the identity of the gas. (See table on page 25.) 

2. Charcoal block reduction.®* A little of the substance is mixed 
with twice its bulk of anhydrous sodium carbonate or of fusion mixture 
and placed in a small hole in a charcoal block. It is then heated in the 
reducing flame of the blowpipe (viz. the air hole of the burner is closed 
and the tip of the blowpipe is placed in the unburnt gas in the middle 
of the flame). 

Bead readily formed : Ag, Pb, Sn. 

Incrustation (a) white : Sb, Zn, Al. 

(6) yellow : Pb, Bi. 

* The numbera in small print refer to explanatory notes on pp. 43-45, 
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Observation. 

Inference. 

• 

Charring. 

Tartrates (inflammable gases ; smgll of 

burnt sugar). * 

Darkens to black. 

Citrates (CO, COg acrid smell), salts of 


Cu, Ni, Co. 

Sublimate.^ 

COj (lime water). 

Certain compounds of NH4+, Hg and As. 
Carbonates of heavy metals, biearbonates 

of Na, K. 

CO2 +*CO* (gas burns with 

Oxalates of certain metals. 

difficulty). 

SOg^ (faint white pungent fumes). 

Sulphatiis of heavy metals. 

HCl gas ^ (pungent fumes. Dens(‘ 

Certain chlorides (through hydrolysis). 

white fumes with NH3). 

O2 (relights a glowing splint). 

Nitrates of N a, K. Peroxides. Chlorates. 


Permanganates. 

O2 -I N2O4 (dense brown fumes 

Nitrates and nitrites of heavy metals. 

and relights a glowing splint). 

I Hg (lights with a Jiop). 

Certain formates on gentle lieatiiig. 


A white incrustation should be moistened with cobalt nitrate solution and 
then nditiated : the incrustation becomes— 

{a) f^reen . Zn. 

(h) bli^e : Al, phosphate, borate, arsenate. 

(c) pink : Mg (unreliable). 

3fe. Test for ammonium salt. Warm a little of the solid with some 
caustic soda solution ; evolution of ammonia indicates salt (gas 

recognised by smell, alkaline action on litmus, dense white fumes with 
HCl gas). This test must not be omitted. 

4. Borax bead tests.® It is worth while doing this test only if the 
solid is coloured. It can be used as a confirmatory test after a group test. 

Some powdered borax is melted on a small loop of platinum wire 
(or the end of an asbestos stick). A trace of the solid is then taken up on 
the hot bead and caused to dissolve by heating to redness m the outer 
part of the* flame. 


Colour when hot. 

• 

Colour when cold. 

Metal 

Green. 

Blue. 

Cu 

Brown or red. 

Yellow. 

Fe 

Emerald green. 

Emerald green. 

Or 

Deep blue. 

Deep blue. 

Co 

Reddish brown. 

Ni 
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METALLIC RADICALS. (Simple Salt) 

In /naking a solutioiitase about 2 gui. of tbe solid and try tbe following 
solvents in this order : 

Water. 

Dilute HCl. 

Concentrated HCL 

Dilute HNO3. 

Concentrated HNO3. 

Aqiuj regia (3 vols. cone. HCl -|~ 1 vol. cone. HNO3). 
if the siilistanci^ will not dissolve in any of these reagents it must be 
examined by the ])reliminary tests and also by the action of concentrated 
sulphuric acid (see note 6 on p. 34 ). 


Group I. Tht'se metals need be tested for only if the solution has 
l)(‘en made up in water or in nitric acid. If HCl was used to obtain a 
solution these metals must be absent. 

Add a little dilute HCl to the cold solution. If a ppt. is formed it 
Will be PbCl,, AgCl or Hg.Cla. 

PbClj soluble in hot wat(‘r. Hot solution -j- K2Cr()4 solution gives 
a yellow ])pt. of PbCrOj which is msolubh' in acetic acid. 
Hg-^Cla blackeiu'd " by tin* addition of a little warm NH4OH. 

AgCl dissohnvs in NlpjOH (an excess must be added). 


Group II. The solution must not contain a laig(‘ excess of acid. 
If concentrated acid was used to obtain a solution it must now be con- 
siderably diluted. 

Warm the solution to about (it)' and t-reat witii IPS If no ppt. is 
foruH'd dilute to 4 or 5 times the original vobmu* and pass moie H^^ H 
a ppt. IS forriH'd it will be 

Croip) II A : HgS, Pi^tS.,, Cu8, CMS 
(irouj) IIP) AsjjSg, SnS, SnS.^, 

(A milky })pt. (of suljdiur) wliudi does not si'tth' mdieati's the jiresence 
of an oxidising agent, e.g. nitrate, chromate. This will 111 most eases 
not prevent the identification of a true p])t. if oni' is also formed. Alter- 
native jirocedure is given on p. 31 ).) 
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Colour. 

Action of 

(NH,).Sx. 

Action of 
hot dilute 
HNO,. 

\ 

Oncinal solution A- exetss 
^ NH.OH. 

HgS 

Black. 

Insoluble. 

Insoluble 
(goes white) 

White ppt. insoluble in excdfes. 

BijS/ 

Black to 
brown. 

Insoluble. 

Soluble. 

White ppt. insoluble in excess 

CuS 

Black. 

Insoluble. 

Soluble. 

Light blue ppt. soluble in 
excess to dark blue solution. 

CdS 

Yellow. 

Insoluble. 

Soliibk'. 

White jipt. soluble in excess.' 

A82S3 

Yellow. 

Soluble. ' 

^ Soluble, j 

No ppt. 

SnS 

Brown. 

Soluble. 1 

Solubh'. 

Whit(‘ ppt. insoluhh' 111 (‘xcess. 

SnSg 

Yellow. 

i 

Soluble. 

Soluble. 

White ppt. insoluble in (‘xcess. 

Sb^S, 

1 1 

()rang('. 

Soluble. 

Soluble. 

Wliite ppt. insoluble in excess. 


Coiif nnator^ tests. 

Add SnClo solution to tli(‘ ori^niial solution. A wliit(‘ pjit. 

luniirifj: ^rrey then hhud^ is fonned ® 

Pom original solution {in IlCI) into inurh wati'r inilkiiH'ss 
devi'lops Solution does not clear on addition of ta^tarie 
acid.'-* 

Cli'^ The formation of th(‘ dark blue solution in NHjOU is a 
specific lest. 

Cd ' The insolubility of the sulidnde in (NHJoSj^ is siifhcient to 
distinguish CdS from AsoSj. 

A8+'^+ Kh'itmann's Ti'st : original solid -1 A 1 turnings \ KOH 
’ solution on warming gi\es extrenieh/ jmisonoKs arsine 
AsH^. A filter j)a[)<'i moistiuHal with AgNO., held in the 
mouth of the tube (h'velops a bhiek stain. 

Sn++ Origmal solution + HgPlg solution gives a white ppt. turn- 
ing grey, then black ® 

yn++++ The a(;tion of NH4OH on the original solution distinguishes , 
from As * ^ . 

gl)++f original solution (111 IICl) into much water . milkniess 

devi'lojis. Solution cleais on addition of tartaric acid.^® 
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;Group III.* The solution must first be tested for the presence of 
a ferrous salt. A few drops of potassium ferricyanide solution are added 
to a little of the original acid solution. If a dark blue ppt. is obtained the 
solution must be oxidised before proceeding to Group III. A few drops 
of concentrated HNO3 are added and the mixture is warmed. The ordin- 
ary group reagent (below) can now be used. 

To the solution add 1-2 gm. of solid NH 4 CI, heat to boiling and add 
a slight excess of NH 4 OH. The solution is then alkaline and smells of 
ammonia. If a ppt. is formed it will be Fe(0H)3, Cr(0H)3 or Al(OH)3.^^ 



Colour. 1 

1 

Action of 
NaOH on 

ppt 

1 Confirmatory tost. 




— _ 

Fe(OH)3 

Red- i 

brown 

1 1 

Insoluble. 

Original solution warmed with HNO3 
and then K4Fe(CN)3 added : dark 
' blue ppt. 

' Cr(OH )3 

1 

Green. 

iSoluble. 

1 

1 

1 Boil ppt, with NaOH a'ad H2O2 : 

1 ydlow solution which gives yellow 
: jipt. with lead acetate. 

1 A 1 ( 0 H )3 

i White. 

1 

I Solubh'. 

To original solution add litmus and then 
' excess NH4OH : blue “ lake.” 


* It, iH assumed that, at this stage the student will not he reianred to identify 
metallic radieals in the jiresence of organic acids, phosphate or arsenate. The modi- 
fied procedure for these is given in the tables for the treatment of mixtures, pji. 39, 40. 
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Group IV. To solution add 1-2 gm. of solid NH4CI, warm to dissolve 
and then add a slight excess of NH4OH and pass I^jS. If a ppt. is farmed 
it will be CoS, NiS, MnS or ZnS. 



Colour. 

Confirmatory test. ’ 

CoS ^ 

Black. 

Carry out borax bead test on the original solid. Deep 
blue indicates Co++. 

NiS 

Black. 

Carry out borax bead test on the original solid. Red- 
dish-brown indicates Ni++. 

MnS 

Grey- 

pink 

Ppt. turns gradually brown on the filter paper. Dis- 
solve a little of the original solid in 50 per cent. 
HNO 3 and boil with about 1 gm. of red lead in 
evaporating dish. Sujiernatant liquid will be pink or 
violet. (For use of sodium bismuthate see p. 44.) 

ZnS 

White. 

Dissolve a little of the original solid (or the ppt ) in 
concentrated HNO 3 , add a little cobalt nitrate solu- 
tion, soak a filter paper in the solution and then 
ignite the paper in a crucible : green ash.^® 


Group V. To solution add 1-2 gm. of solid NH 4 CI, warm to dissolve 
and then add NH4OH and (NH4)2C03 solution. On standing a white 
ppt. may be formed. This may be assisted by scratching the side of the 
test tube with a glass rod. The ])j)t. will be the carbonate of Ca, Sr or 
Ba. All these are white. 

Distinguishing tests, 

(a) To a second quantity of the original solution add an equal volume 
of saturated CaS04 solution. 

No ppt. on standing indicates : Ca++ 

, Faint ppt. on standing : Sr++ 

Immediate ppt. : Ba++ 

(b) Dip a clean platinum wire in concentrated HCl and then in the 
original solid and ^carry out a flame test : 

Brick red flame : Ca++ 

Crimson flame : Sr++ 

Green flame : Ba'^+ 
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Group VI. Separate tests are applied for K+ and Na'*'. 

Using* separate jiortion^i of the solution carry out the following : 

{a) Test i'or Mg^ * : Add NH4CI and then NH^OH followed by excess 
sod Him ]diosphate (Na2HP04) solution. If is present a white 

cr/italliiie })pt. will be formed slowly. This may be hastened by scratch- 
ing the side of the test tube with a glass rod. 

{b) Piovidial Mg'+ is absent (NII4+ also), test for : To the original 
solution add some freshly prepared sodium cobaltinitrite solution con- 
taining a little acetic acid.* If K'^ is present a yellow crystalline ppt. 
forms.^'' 

(c) T(‘st for N.%^ : Make the original solution slightly alkaline with 
NH40I1 and add a little [»otassium dihydrogen antimonate solution f 
(“ potassium pyroaiitiinonate ”). If Na^ is [iresent a white ])pt. is formed 
on seratehmg with a glass rod.’^ 

Fbuiir Icsls J(ir ISa and K. It must be remembered that sodium salts 
are v('ry common impurities in other salts and consequently the per- 
sistent yidlow hame of sodium is not proof that a given salt is a sodium 
salt. It is {‘ssential to show that other metals are absent. To carry out 
the flariK' test for potassium jiroeeed as usual but examine the flame 
through a [U(‘C(‘ of cobalt l)lu(‘ glass This acts as a filter against the yellow 
light of the sodium flame. Most specimens of potassium shits contain 
traces of sodium salt. 

Flame ti'sts ait* invariably earned out using a little of the solid moist- 
ened with coiu'entrated llCl The wire must first be cleaned by dipping 
in ehneent, rail'd HCfl and heating to incandescence. This is repeated 
until the will' by itsidf |)roduces no coloration. 

Sodium salts I'tTsistent yellow' 

Potassium salts . Lilac (somcwdiat transient). 

* Fins Holulioii IH nmdo by (liB.sol\ing 1 el the salt in 10 c.c. of water and filter- 
ing if lUH'CHH.irv Alt.(*rnati\ oly mix HohilionH of sodium nitrite, cohalt nitrate and 
a Hliglit (‘.xcess ot uccIk acid Warm until all oxkIch of nitiogen havt ficen evol\(^d. 

t 'I'fn.s reagent, is yin'jiared fiy adding '1 vni of yiotassiuni antimonate, K 3 SbO^ to 
100 e e of 1)01 ling uatei, boiling lor !> nminles and tlieii, wlien eool, adrling 2 e c of 
10 f)er eent, KOll Holntion 1’lie mivtuie -.bonld fie fell overnight before filtering. 
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ACID RADICALS. (Simple Salt or Mixture) 

These tests are identical whether the substance to be analysed is a 
simple salt or a mixture. It is a matter of opinion whether tests for acid 
radicals should be performed before or after tests for metallic radicals. 
The more experienced chemist will probably prefer to identify the acids 
while carrying out one or two preliminary tests, since certain acid radicals 
make necessary a modification of the ordinary procedure for metallic 
radicals. 

The first two tests given here are useful preliminary tests luid are not 
specific tests for particular radicals. Sj)ecific tests immediately follow. 


1. Action of dilute HCL Add a little dilute HCl to the solid in a test 
tube. Any gas that comes off in the cold should be identified before 
warming the mixture if possible. If no action takes place in the cold the 
mixture should be warmed. The smell of hydrogen chloride must then 
be expected. When analysing mixtures more than one r<>action may 
occur , nevertheless two gases may be noticed to be evolved if care is taken. 


Observation 


CO (lime water test). 

NA),j (aeid red-brovMi fuiiK's), 

Clg (yelkm -gnH'u sufiocnting gas lled- 
dens then bh'aehes moist lilue litmus 
paper) 

(smell. Acid gas, turns diehi ornate 
green). 

8O2 4 8. 

1128 (smell. Blackens lead ace tat, e 
paper or solution). 

(lights noisily. Pale blue flame, but 
yellow in contact with glass). 


Intrrviief' 

('arboriate or bicarbonate. 

Nitrite. 

Hypochlorit(' or Oxidising agent. I 

8ulphit(‘. 

Thiosulphate. 

8ulphide.* 

Free metals (Zii, Fe, Mg, Mr», Al). 
d’hese ^\ill b(‘ noticed here' if 
present. j 


2. Action of coHccutruted If a vigorous reaction was produced 

in (1) above it is advisable to start liy adding a few drops of dilute sul- 
jihuric acid and waiting until the action ceases before adding 3 or 4 c.c. 
of the concentrated acid. If there was little or no reaction in (1) concen- 
trated sulphuric acid is added drop by drop to a little of the solid in a clean 
test tube. The mixture is warmed gently if there is no action in the cold. 

♦ Oertain sulphides are not dissolved hy dilute HCl and require the concentrated 
acid. These should he dei,ect«d when trying to find a solvent for the substance. 



32 QUALITATIVE ANALYSIS 

Note. Do not dispose of hot concentrated sulphuric acid. Allow it 
to cool and then pour into a large beaker of cold water. Empty this 
down the sink. 


Observation. 

Inference. 

Confirmatory test. 

KCl gas (dense fumes with 

Chloride. 

Add a little MnOj and warm. 

NH3). 


Clg evolved — bleaches lit- 

HBr 4^ Bfj (red-brown acid 

Bromide. 

mus. 

Add a little MnOg and warm. 

fumes). 


Brg evolved — dense red- 

HI 4- I2, also SO2 and H^S ? 

Iodide. 

brown fumes. 

(violet vapour and acid 
gas). 



HF (pungent acid gas. 

Fluoride. 

Mix solid with sand and 

Requires warming). 


add cone. H2SO4. Warm : 

SO2 (smell. Acid gas. 

Sulphite. Rc- 

S1F4 gives a “ skin ” on 
drop of water on glass rod. 

Turns dichromate green). 

ducing agent. 


HNO3, also N2O4 ? (acid 

Nitrate. 

Add some copper turnings 

fumes. Requires warm- 


and warm. Brown fumes 

ing). 


of N2O4 evolved. 

CO (brisk evolution on warm- 

Formate. 


ing, gas burns with blue 
flame). 



CO -f CO2 (gas burns with 

Oxalate.^’ If 


difficulty). 

accompanied by 


Acetic acid (smell of vinegar). 

charring : Tar- 
trate or Citrate. 
Acetate. 

Mix solid with a little 

A little O2. 

Chromate, 

alcohol and add cone. 
H2SO4. Warm for 1 min- 
ute, and pour into a little 
water. Fruity smell of 
ester. 


Dichromate. 


ClOj 4- CI2 (yellow-green 

Chlorate. 


gas. Spluttering noise. 
Explosion on warming 



(care !). 


1 

CrOjClj (reddish-brown fumes 

Chromate 4 - 


-f red oil). 

chloride to- 



gether. 
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Other confirmatory tests. 

Oxalate ; To a warm aoluticm of the substance in dilute H2SO4 
add drops of potassium permanganate solution. 
Permanganate decolorised (other reducing <tgent 
present will interfere). 

Chromate or To solution of the substance in dilute acid add a little 
Dichromate. H2O2 : intense blue coloration.^® • 

3 . The next group of specific testa requires a solution of the substance 
in dilute HNO3. Any solid which does not dissolve after warming for 
a few minutes is filtered off and examined afterwards (6 below). Read 
Note 7 , p. 34 . 

The solution is divided into four parts which are treated as follows : 


(а) Silver nitrate solution is added. 

White ppt. soluble immediately in NH4OH. Chloride. 20 

Pale yellow ppt. slightly soluble in NH4OTI. Bromide.*® 

Pale yellow to yellow ppt. insoluble in NH4OH. Iodide.^® 

(б) The solution is neutralised with NH4OH and then neutral silver 

nitrate solution is added : 

White ppt. going black. Formate. 

White ppt. When almost dissolved up in a little 
NH4OH deposits silver mirror on warming. Tartrate. 


(c) A large excess of freshly made ammonium molybdate solution, 

strongly acidified with concentrated HNO3 is added and the 
, mixture gently warmed. 

Yellow crystalline ppt. (hastened by scratching with 

glass rod). Phosphate.*^ 

Yellow ppt. on boiling. Arsenate. 

(d) Barium nitrate solution is added : 

White ppt. Sulphate. 

4 . Test for nitrate. Nitrate should have been indicated if present in 
( 2 ) above. The reaction with concentrated H2SO4 is sometimes masked 
by another reaction due to a second acid radical. The following test 
may be performed in either of two ways • 

(i) To a solution m water or dilute HCl an equal volume of cold 
freshly prepared ferrous sulphate solution is added. No more than 
about half a test tube full of the mixture is now required. About 
5 c.c. of concentrated H2SO4 is then poured down the side of the test 
tube so that it runs mainly to the bottom and forms a second layer. 
A brown ring at the junction of the layers indicates nitrate. 

(ii) Alternatively : Pour two or three drops of the solution on to 
a clean white tile. Place a crystal of ferrous sulphate in the solution 
and carefully drop one or two drops of concentrated H2SO4 on to the 
crystal. A brown c'oh ration on the tile indicates nitrate. This 
method is preferred if the solution of the salt gives a ppt. with ferrous 
sulphate solution. 

M.r.o. 


D 



^4 QUALITATIVE ANALYSIS 

5. Ted for borate. A little of the powdered solid is mixed with about 
5 e.r, of methyl alcohol in a small porcelain basin and about 1 c.c. of con- 
centrated H2S()4 is added. On lighting the alcohol' vapour the flame 
a[)])cars greeii-cdged if borate is present. (Note that Ba++ and Cu'''+ 
give the same result. In this case the metals must be pptd. with NagCOj 
solution and the }»])t. filtered off.) 


fi. Residue insoluble in dilute HNO3. This should be filtered off and 
washed with wmter on the filter. If white it may contain : 

Siilfihatcs of Ba, Sr, Pb, 

Chlorides of Ag, Pb, Hg(ous). 

If dark coloured the solid is probably an oxide (e.g. Fe^Og, Fe304, CrjOj) 
which dissolves very slowly in hot. dilute acids (TlCl being usually the 
best), AhOy IS white, and as sometimes obtained is diflicult to dissolve 
in acids. 

Insohibh' chlondi'S may be recognised by the action of concentrated 
H2SO4. Recognition of an insoluble sulphate is more difficult. Fusion 
on tlie charcoal block with Na,2C03 leads to the formation of : 

BaS04 or SrS04 : These give the corresponding sulphides. Residue 
on watch glass dissolves in a few drops of dilute 
HCl. Tests for cations may then b: carried out. 
PbS04 : Bead of lead and yellow incrustation. 


7 . Identification of acid radicals after preci pitation of heavy metals. 
Son'll' authoiities prefer not to pi'rform tests 3 and 4 on thi' salt.s of luaivy 
metals. To convert to the sodium salts a little of the .finely powdered 
solid IS boiled for 5 minutes wuth an excess of strong NagCOg solution. 
The mixture is then filtered. 

( 3 ) Above IS performed after acidifying jiart of the filtrate with HNO3, 

but in 3 (d) BaClg solution may be used m place of BalNOgig. 

( 4 ) Above is jierformed after acidifying the remainder of the filtrate 

with llCi. 


8. Exanu nation of a sol uh on for acid radicals. Tests ( 3 ) and ( 4 ) may 
be performed. For the remainder it will be necessary to evaporate the 
solution to dryness. 
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metallic radicals in a mixture of salts 

Separation of Aletallic Radicals Into Groups. 

To show the group separation employed as clearly as possihj^e the 
following table is included. The practical details ?i,re omitted, since they 
are given on the following pages. 


Reagent : Dilute HCl. If ppt. filter. 


Group I 

ppt. 

Hg+ 

Agt- 

Pb+^ 


Filtrate. Reagent : HoS in acid solution. FiltiT when pptn. 
is complete. 


Group II 
ppt. 

Filtrate. 

filter. 

Hg++ 

{W ^ ) 

Group JJI 

ppt. 

Bi++^ 

Ee+++ 

Cu^+ 

Cr++ + 

Cd+"- 

Al+^ + 

AsH’-f 

(PO,---) 

Sn++ 


+ + * 


Sb+++ 



H,S. 11 ppt. filter. 


Group IV 

ppt. 

Co*-t 

Ni++ 

Mn++ 

ZnH- 


Filtratc. Reagent : NH4CI. 

js:h40h,{nh 4)2C03. ii 

pj»t. filter. 


(Jroup V Filtrate. Ex- 
amine hy 
tests for I 


ppt. 

Ca+ ^ 
Sr++ 
Ba++ 


Mgff 

Na^‘ 


*The following are important precautions winch must Ik; taken in the 
performance of gioup tests. 

1. Ensure comph'te ])recif)itation in each groiij) by carefully testing 
a little of the filtrate for any iinju-eeijulated cation. 

‘2. Wash ])recipitates on the filter pa])er with hot distilled water before 
examining them. 

3. Make siii(‘ that no grouj) naigent is carried forwaid into a group 
where it is not wanted. It is, for examjile, essential to boil off all HoS 
before domg»Grou}) III. Neglect of this will mean that Group IV cations 
will be precipitated along with those of Group III. 

4. Do not allow the solution to become too dilute through successive 
additkins of group reagents. It is a good plan to test for the presence of 
each group with a hltle*of $he mam solution and not to add the reagent for 
that group if those cations are absent. Also, solutions which become too 
dilute should be concentrated by gentle evaporation. 
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Group I. The sparingly soluble chlorides. 

Reagent ; Add a few drops of dilute HCl to the cold 'solution. If a ppt. 
is formed continue adding dilute HCI. 

Ppt. may contain PbClj, AgCI and HggCla. Filter. Wash ppt. 
thoroughly with cold water and discard washings. Make a hole in the 
b/)ttom of the filter and wash })pt. through into a beaker. Boil with water 
and filter hot. 


I Residue : Wash well with hot water. Pour j Filtrate • If Pb is present 
I warm NIl4()H through the filter paper. i crystals may si'parate on j 

j ' cooling. Add yel- I 

j low ppt. insoluble m dilute 

j Residue : If 1 Filtrate : Acidify with dilute [ indicates Pb. i 

I black Hg2++ [ HNO3. White ppt. nidi- I | 

I is present.’ ! cates Ag+ present. j | 


Group II. Sulphides precipitated in acid conditions. 

Reagent : Warm a sample of the filtrate from Group 1 to about 60° and 
pass HgS. If no ppt. is jiroduced the samjile is diluted con- 
siderably and more HgS is jiassed. (This trial will nalicate 
whether the main solution should be treated similarly.) 

The formation of a milky jijit. of suljihur which does not settle is an 
indication of the presence of an oxidising agent. In many cases this does 
not interfere with the identification of a precipitated sulphide. If, how- 
ever, difficulty is experienced a preliminary reduction of the oxidising 
agent may be earned out. 

Prekminary reduchoyi : SO 2 is passed through the filtrate from Group 1 
until the solution smells of the gas. Fe+++, CrO^ and (hgOT ‘ are 
reduced with a change in colour. Excess SO 2 is then boiled off before 
passing HgS. 

Ppt. may contain HgS (PbS)*, BigSg, CuS, CdS (Group 11 A) 
AsaSg, SnS, SnSg, SbgSg (Grouji 11 B) 

The ppt. should be examined before doing anything else, since it is liable 
to become oxidised. 

• Owmg to its not being completely removed in Group 1. 
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Separation into llA and IIB : After washing the ppt. on the filter 
with a little hot water it is transferred to an evaporating basin. 10 or 
15 c.c. of ammonium sulphide solution is added and the mixture waimed 
for a few minutes with constant stirring. The mixture is then filtered. 
Filtrate : May contain ammonium thioarsenate, thiostannate or thio- 
antimonate. • 

Residue : May contain any of the sulphides belonging to Group II A. 

♦ These are insoluble in (NHJjSj. 


II A. Transfer the residue to a beaker, add 10 or 15 c.c. dilute HNO 3 and 
boil for 2 or 3 minutes. Filter. 


Residue : If 

black IS HgS. 

] Dissolve in a 
I littl(‘ aqua 
rt'gia dilute, 
and add 
SnClg solu- 
! tion : whftc 
I i)p(.. going 
, gn'^f con- 
linria “ Hg * ^ . 

Note. A brown- 
ish - y 0 1 1 o \v 
coTUfjOund of 
ni e r c 11 r 1 (' 
nif-rat(' and 
nulphidc IS 
b orn (' i 1 tn cs 
obiairicd in 
j)lnc(‘ of the 
black siil- 
I phide. 


J Filtrate • May contain nitrates of Pb. Bi, Cu and Cd. If Pb 
found in (iroup I add a little dilute H^SO^ and alcohol to 
I remove it as PbS04. Allow solution to stand a few minutes 
i and then filter. 

1 Residue Wash ' Filtrate • Nitrates of Bi, (Ju, Cd. Add ’ 

1 with water I NH^OH until distinctly alkaline. Warm j 
1 and dissolve | and filUT.^® | 

I iipinNH^Ac, j i 

add K2Cr04 1 

1 solution : yel- , White Filtrate : 

1 low ppt. of i (1) If blue contains ciyir- 

PbCr()4 (in-! Dissolve in ammonium sufiihate ; 

solulilc in ' dilute HCl j Cu presimt. ! 

* HAc). I pour I ( 11 ) j f colourh'HS Cu absent I 

into cold 1 (1) Filtrate blue : add ; 

water . white | K(fN solution droji by j 

turbidity ” I drop until colour dis- 

which IS not ; charged and then add a 

(bleared by i few drops ('xc('ss. Pass 

addition of j : yellow' ppt. indi- 

i tartaric acid.’’' cates Cd present also. 

J (li) Filtrate colourless : 

[ pass H28. Yedlow" ppt. 

i mdieati'S Cd only. 


Alternatively : Confirm Bi with dimethylglyoxime Tosolution m dilute HCl add 
dirncthylglyoxmu; solution and then enough NH4OH to make solution alkaline. Pale 
yellow ppt confirms Bi. 
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IIB.f Make the filtratp from the ammonium sulphide treatment just acid 
by adding concentrated HCl droj) by drop (litmus paj)er) and 
warm gently. A white or nearly white ppt. indicates sulphur only 
< — ITB metals absent. If there is a coloured py)t. add 5 to 10 c.c. 

concentrated ITCl and boil for 3 minutes.^®. Dilute with' 5 c.c. 
water and filter. r 


Residue • Yellow As,^Sjj 
Wash w ith hot \v at< r. 

; Transfer to test-tulx 
and warm wilh 
(NHJAlDs solution 
tor 2 ininiiii'S. 'I’Ik' 
sulphide 18 soluhh' 

Fleitinaim Test on 
original solid : A1 -f 
KOFl p;iv('R Aslf.^ on 
warming (p. 27). ^ al)s<‘nt • diluti' to 50 e e. and pass H^S. 

j Orangi' ppt indieativs Sh. Four a little ol the* 

I original .solution m H(!l into vvid-er : white 

turhiditv which clears on addition ol tartaric 
! acid 

yVhen it is ccitain that, all (Iroup II cations have lieen reinovial (further 
dilution of sample and IDS jiassed) lh(' liltrati' which has his'ii resiTved 
IS boihsl until then' is no I'm t her smell of 1LS. 


Filtrate . May contain SbClg and SnCb- Diluk' wuth 
a little wati'r and divndo into threi' ('(jual jiarts. 

(i) Ileduce any Sn"^+'+ ' by warming with iron filings 
for 3 minutes. FilttT and add HgCdg solution : 
white ppt. going grey confirms Sn. 

(ii) Jf Sn ])r<'S(‘nt make solution just alkaline with 

add about 5 gm. solid oxalic acid and 
about 50 c.c water. Boil until all is dissolved 
and pass IDS Orange jipt. indicates Sb.^^ 
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Group III. Hydroxides precipitated in moderately aikaline •con- 
ditions 

It is important to know if the following are jiresent in the solution 
before proceeding with the group separation . 

{a) Ee^+ (note that Fe+++ is reduced in doing Croup II). 

(b) Organic acids. 

(c) Phosphate. 

(a) The test for Fe^ + is ])otassiuni ferricyanide solution which is added 
to a sample of the filtrate. Fe^+ gives a daiJc blue colour. Ignore 
other colours. If Fe* * is jiresent warm the solution with about 2 c.c. 
concentrated HNO3. 

{b) If jireliminary tests indicate the presence of organic acid the solution 
must now be evajiorated to dryness in the fume chamber, moistened 
witli a littl(‘ concmitiated ITNOji <*iid gently ignited. The residue is 
tlum taken ii]) in a diliit-e IKM and filtennl if necessary. 

(c) If phosphate is present (ammonium molybdate tc'st, j). 33) the modifi(*d 
proci'dure given on f). 10 must b(‘ followed. 

Phosphdlc absent : To the filtrate from Ciou|) TI add 1-2 gm. of solid 
NIT 4 CI, heat* t o boiling and then add a slight ex(a\ss of NlLOll. The 
solution IS then alkaline and smells of ainmoma. Filter. 

Tl# ])j)t. may contain Fe(OH)j, AhOII)^, 0r(()Il);,. Wash the })})t. 
with hot water and then transfer to an evapoiating dish and add about 
to c.c. NaOlI and b c.c. hydrogen jieroxide. Ihul until no more (j.^ is 
evolveil. Filter. 


licsiduc Bnm'ii 
h<'(OH)3 * 

1)is,solv(' in dilute 
Tl(;i and add 
KjPe((*N)fi. Blue 
f)})! indicati'S ^ +. 
Pest original solu- 
tion With 

{a) K4F('((tN)^ 1 )Vj(' 
j)|)t. indicates Kc ^++; 

(6 ) 'X),i : Blue 

ppt . indicat es * . 


FiUtaiv May 
vellow (,V (>4 


contain Na- 
IS pri'.sent. 


aiul NaAlO.j It 
Divide inl.o tv\o parts. 


(1) Add litmus and then (2) If solutKai is colour- 


diluli' H(tl until aeid. 
Then add NHjDH in 
excess and shake.-'* 
On standing a blue laki' 
of .Al(OlT)j and litmus 
indies j.(‘s AD ^ 


le.ss omit If vellow 
add excess II Ac and 
then BhAc Vi'llovv 
})f)t. ol PbOrO, mdi- 
(;at.es t’l 


* 11 Bo I was Inund m (liou)) 11 it may hr inmul to hr still piesent m a Hin.all 
(quantity. A little Bi((dl).^ (\v}iit(‘) may theielon^ he ohtaiiKHi heie, 'Piiih may bo 
Ignored It does not mteriere witii the tests lor Fe. 

Phosphate present : If yihosphati' is yiresent it must be yireciyiitat ed as 
ferric jihosydiate by adding excess ferric cliloride solution. The excess 



40 


QUALITATIVE ANALYSIS 


of this reagent is then removed by precipitation of basic ferric acetate. 
Tlie presence of iron should be tested for beforehand ; if Fe^ + is present 
it must be oxidised to Fe'^++ with a little concentrated HNOg as mentioned 
above. 

Treatment; The filtrate from Group II is nearly neutralised with 
NH4OH ; there should not be enough to cause the precipitation of phos- 
jihates. Add about 5 c.c. of saturated ammonium acetate solution (or 
2 gm. of the solid), warm slightly and then add neutral FeClg solution drop 
by drop until the red colour of ferric acetate becomes permanent. The 
precipitate at this stage is ferric phosphate. Foil the mixture vigorously 
for two minutes and filter. The filtrate should be free from both phos- 
j)hate and iron (the remaining iron being jirecipitated during boiling as 
basic ferric acetate and hydroxide). The filtrate is reserved for Group TV. 

The jirecipitate may contain FeP04 and basic acetate 

AIPO4 and basic acetate 

CrP04 and basic acetate. 

Since the colour of the iron phosphate obscures other sulistaiices presimt 

test for Or and A 1 as follows . Transfer the ppt. to an cvapcfratmg l)a§iri, 
add about 10 c.c water and add 1-2 gm. of sodium ))eroxi(le in small 
portions (care). Boil for about five minutes auu! dilute before til'icMiig. 
Divide filtrate into two jjarts. 

fa) Add about 1 gm. of solid NH4CI and boil until only a faint smell 
of ammonia jiersists ; a white flocculent ])pt. indicates A 1 , 

(6) (Solution yellow) acidify with HAc and add lead acetate solut ion 
yellow ppt. of ]^b0r04 indieativs Cr. 
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Group IV. Sulphides precipitated in alkaline conditions. 

Reagent : Add about 2 c.c. more NH4OH to tlie filtrate from Group III 
and pass RgS for about one minute. Boil and filter. Wksh 
the pj)t. with hot water and reject washings. 

Ppt. may contain CoS, NiS, MnS, and ZnS (also a little finely divided 
sulphur). Transfer the ppt. to an evaporating basin, add about 20 c.c. 
of very dilute IICl, stir well and allow to stand for five minutes (bench 
acid -f five times its volume of water is suitable). 


Filtrate : May contain Zn++ and Mn++. Boil in 
evaporating basin to exjiel then add excess 
NaOH. Filter. 


Remlue : May contain 
NiS and CoS. Test 
with borax bead : blue : 
Co. brown : Ni, but if 
both present Ni is 
obscured. Dissolve ppt. | 
in aqua regia, dilub' 1 
with wat(T and neu- 
tralise with NH4OH. 
Dividi' into two parts • 

1 (a) Add ilimethyl-gly- 
I oxinie : NC t gives 
rey j)pt. ; 

(6) Add a-nitroHO — [ 1 - 
iiMphthol : Co++ give!- ; 
brnv n ('olour.^^ I 


Mesidve : Grey-pink ' 

Mn(OTT ).4 turns brown ; 
on filter. Boil ppt. in 1 
evap basin with cone ' 
i HNO 3 2* -g 1 gm. red , 
I lead. Supernatant 
liquid iH ))ink or vioh't 
if Mn+^ jiri'sent * | 
note 21. ]>. 44, for 
use of sodium bis- ; 
nuithate.) 


Filtrate : May contain 

“ sodium zincate.” Pass 
HjS : white ppt. (may be 
discoloured). Dissolve 
ppt. in a little cone. 
HNO3. Add a little 
cobalt mtrate solution, 
soak a filtiT paper in the 
mixture and ignite in 
crucible : green ash 
indiea(.(‘S Zn f 


* Altornativoly • I’lace n (Iroj)'ot ben/.uhiie on a filter paper, add 1 drop of NaOH 
ar^d then J drop ol IKU f Mn salt : blue oxidation product of benzidine formed if 
Mil ♦ ' present 

•f Alternativiily ; Add a few drops of 0 8H ammonia solution to 2 c c of a 10 per 
cent, solution of lesorcinol m alcohol and then a few drops ot the zinc nitrate solution. 
A little tuibidity may be iioticiMl On warming the test tube in hot water for five 
minutes a green coloration de('])ening to blue will be observed. 
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Group V. Sparingly soluble carbonates. 

It IS usually advisable to reduce the volume of the solution at this stage 
and in any case HgS must be expelled. 

Ref gent : Acidify with acetic acid and evaporate to about 10 or 15 c.c. 

Tins expels HaS. To the solution add 5 c.c. NH4CI solution 
and make distinctly alkaline with NH4OH. Boil and then 
add (NH^ljCOg solution until precipitation is complete. Allow 
to stand for five minutes. Filter. 

Ppt. may contain carbonates of Ca, Sr and Ba.* Wash well with hot 
water. Pour a little warm HAc on to the ppt. on the filter. Test a small 
portion of the filtrate with K2Cr04. If there is a p[)t. treat the whole with 
K2Cr04 so as to remove Ba as BaCrOi. If there is no })pt. treat as filtrate 
below. 


Filtmle : May contain and Sr^ + . Divide into two 
jiarts : 

(a) Add CaS04 sola- {b) If Sr++ present add dilute 

tion and boil. 112804, boil, filter and rejc'ct 

Faint ppt. indi- ppt. To filtrate add t'\c(‘ss 

cates Sr++. NH,OH and ,amnioniutn 

oxalate solution white ])])t. ; 
Ca++. If 8r^* absent treat 
solution as filtrate. 

MgCUs IS not precipitated was given on }). 21 (footnote). 


Group VI. Magnesium, Sodium and Potassium. 

If was present in (liouj> V add a little ammonium oxalate solu- 
tion to the filtrate."® Boil and filter off tin' p])td. calcium oxalate. Omit 
this if Ca^^ was not present. Uividi* solution into twm unequal jiarts. 

i -- y ” I 

1 (a) The smalliT ]»art : | (b) I’he larger jiart : Evaporate to dryness m an 
Add ISH4OTT and evaporating basin and heat the residue until 

I^aH2P04 siilution. I all fumes of NH4 salts are expelled. (Furiu' 

Shake wi*ll and allow j chamber.) If there is no solid residue Na^ and - 

to stand. Whiti* ! K+ are absent. If then* is a solid residue add 

ppt.^^ (may be hast- 2 or 3 c.c. of water and filter if Mg + * is present, 

ened by scratching Divide the filtrate into two parts and test for 

with glass rod) indi- Na^ and K't using the tests given on p. 30 . j 
cates Mg++. ^ ' I 


Reaxdue from 
K./VO,, treat- 
( im'iit : flame test 
will eonhrm Ba 
(light green). 


♦ Tiie reason whv 
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Notes on the foregoing Tables 

The numbers correspond with ffhose given against certain tests. 

NH4CI, (NH4)2C03, HgjClj and HgClj and AB4O8 are the commonest^ com- 
pounds to sublime. • 

e.g. 7Na2C204 = TNajCOg 3CO + 2CO2 -f 2C 

but note CaC204 = CaCOg + CO 

Thi^ requires high temperatures in some cases. 

2FeS04-7H20 = FcjOg + SO 3 + SOg + UHgO 
CuS 04-5H20 - CuO + SO3 + SHgO. 
e.g. MgClg-eHgO = Mg(OH)Cl + HCl b 

The initial reaction is the formation of tlie carbonate of the metal. Excepting 
those of the alkali metals the carbonates are then decomposed to the oxide. 
This may be reduced but incrustations are obtained when the oxide is volatile 
at the temperature attained. 

The metaborates are formed : 

Na2B407 -= 2NaB02 B203 

B2O3 -f CuO CulBOglo. 

The bln doming is due to the libeiation of mercury. The compound Hg(NH2)Cl 
is also formed : 

Hg^Clg + 2NH4OH - Hg(NH2)Cl i Hg + NH4CI H- 2H2O 
SnCl., -I- 2Hg(T, - SnCl^ 1 Hg.CL 
SnCh 1 Hg./n; - SnCl 4 i 2Hg 

” The milky ppt. is the oxy(!hloride BiOCl pro(luc('d by hydrolysis {cf. note 10). 
I’lie chloride is yiartially hydrolysed and the sparingly soluble oxychloride 
18 formed : 

» SbClg + HgO = 2HC1 + SbOCl 

Th(' (“lOnditions are chosen so as to favour tlu* precipitation of hydroxide's 
with low solubility products only. Compare t.h<‘ following values : 


[Fet tt 

l[on ]•’ 

1 1 


[AF ' < 

1 IFll-r 

8 f) 

10-23 

[td-t i ' 

1 my 

2 0 

10 

[NlH| 

(OH 

87 ^ 

10- 

[(H)H 

1 |OH-p 

1 (> 

10 

[MrF^ 

1 (OH-f- 

4 0 

,0 14 

[ZiG* 1 

i 10H-]2 

1 0 . 

/ 10 18 

[MgH 

1 lOIFp 

3 4 > 

( 10 


This separation is j)ossiblc through the use of NH4()1-1 in the presence of 
NH/n (se(‘ p 15^ 

11 org.'inie af■Kl^ an' present, when the strong acid is neutralised by the 
addition o( ammonium hvlroKiih'. metals of later groups may be precipitated 
since salts like calcium o\alal(' are soluble only in strongly acid solution. 
It IS therefore essential to destroy organic acids Ix'fore atteinjiting Croup 111. 
Furthermore, certain metals, e.g, Fe • ' • , whieli should be preci])itatcd in 
Group 111, form soluble eomyib'x salts with certain organic acids and would 
thus esca})C detection. ITiosjihate interferes with the group separation for 
a sypilar reason : the pho'^jihates of later metals would be precipitated when 
the solution is made alka^nc. 
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This is an alternative way of performing the cobalt nitrate test (on the charcoal 
block). “ Rinman’s green ” is formed. It consists of a solid solution of CoO 
in ZnO. ‘ , 

This distinction rests on the difference in the solubility products : 

" [Ca++,] [SOr'l 2 3 a 10-* 

[Sr»-+] [SO,--! 3-() X 10-’ 

[Ba++][SrV“] 1-2 X 10-11 

1^ The ppt. is -magnesium ammonium orthophosphate, Mg(NH4)P04. 

1*^ The ppt. 18 the compound K2Na[Co(NO2)0], potassium sodium cobaltinitrite. 
1® The ppt. is the compound Na2H2Sh207, sodium dihydrogeu antimonatc. 

17 e.g. HCOONa i H2SO4 - NaHSO^ T CO + K.O 

oxalates : H0C2O4 = COg + CO + HjO 

tartrates : H2C4H4O0 - CO2 + CO + 2C -f SH^O 

i« 4NaCl + KaCr^O, 4 hH2S04 = 2CrO.,Cl2 + 4NaHS04 + 2KHSO4 + SHjO 
1® The blue “ perchroraic acid ” is thought to be the oxide Cr05. The blue 
colour is developed only m acid solution. 

Ammonia solution reacts to form Ag(NH3)2Cl. Silver bromide forms a cor- 
responding compound but the equilibrium : 

AgBr -I- 2NH., r-> Ag(NH.,)2Br 

does not lie so far to the right. Silver iodide is only very slightly soluble 
in ammonia solution. 

The equation given for the reaction is : 

Hj?04 + 12(NH4)3Mo04 + 2IHNO3 

- (NH4)3r04 12 M 0 O 3 + 21NH4N()3 4- 12^20 
The brown compound has been given the formula [F(‘(K0)JS04. ^ The test is 
unreliable in the presence of bromide, iodide, nil rit e and chromate. 
Alternatively the sodium aluminate solution may be boiled with somcv solid 
NH4CI. The hydrolysis : 

NaAlOa-l 2H2O .\a()H i Al(01-i)3 

may be made to proceed to completion under thi'se conditions since NaOH 
is removed to react w'lth the ammonium chloride to liberate ammonia. 

A large excess of red lead (or lead peroxide) is essential lor the successful 
performance of this test and even so the colour of the permanganic acid may 
be difficult to see ; 

bPbOa + 2MnS04 6HNO3 - 2HxMn04 -f 3Pb(N03)2 4 2PbS04 -| 2H2O ' 

A much better method is to employ sodium bismuthate (NaBiO-j— but com- 
position variable). A little of the manganese salt solution is very gri-atly 
diluted to make KK) or 200 e.c. About 1 gra. of sodium bismuthate is 1,hcn 
stirred in. The mixture is brown. On adding concentrated nitric acid, 
while stirring, the dark purple colour of permanganic acid is immediat(‘lv 
seen. These conditions must be followed carefully. If ^oo strong a solut ion 
of manganese salt is used the permanganic acid is immediately reduced and 
nothing but manganese dioxide is obtained. 
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The red ppt. is the nickel derivative of dimethyl glyoxime and has the 
formula : 

CHg C^^N— Ov /O— N -C CHa 

I I 

CH. C=^N'^ NN CH3 


OH OH 

It is interesting that cobalt does not behave in the same way. The (;j^rk 
red-brown compound formed between a cobalt salt and a-nitroso-/S-naphthol 
is a 6-co-ordinated compound. Cobalt salts are easily recognised through 
the colour change (red to blue) on adding excess of concentrated hydrochloric 
acid to a dilute solution. This change may be due to either (a) a change 
in the hydration of the Co++ ion or (b) the formation of a complex anion 
[CoClJ— . 

If this is not done traces of Ca, Sr or Ba may give misleading precipitates. 
The carbonates of these; metals are slightly soluble in ammonium carbonate 
solution. 

The* basis of this separation is the formation of thio-salts by the sulphides 
of As, Sn, and Sb. The change depends on the acidic character of those 
sulphides which resemble the corresponding oxides. At the same time the 
excess sulphur present in ammonium sulphide causes oxidation. 

The treatment of a solution of these thio-salts with HCl causes the precipita- 
tion of the higher sulphide. This reaction may be compared with the liberation 
of an acid anhydride when the acid itself is unstable. 

2 (NH 4 ) 3 A 8 S,i + GHCI - As^Sj + ()NH 4 C 1 -| SHgS 
in the, ca8(‘ of antimony there is no pentasulphide and the compound SbgS^ 
IS formed/ Bismuth differs from the other elements in its sub-group of the 
Periodic Table in being altogether more metallic. It shows little tendency 
to ^assume a valency greater than three and no thio-salt is formed. 

Cu and Cd both form complexes : 

Cd(OH )2 + (NH 4 ) 2 S 04 + 2NH4OH - LCd(NH3)4]804 I 4H2O , 

In the case of copper the basic salt is first formed and this redissolves in 
excess NH4OH : 

20hS04 f 2NH4OH - CuS04-Cu(0H)2 4 (NH4)2S04 
Cu804-Cu( 0H)2 -I (NH4)2S04 f ()NH40H - 2[Cu(NH3)4lS04 + 8 H 2 O 
®®.When KCN is added to a solution containing Cu+^ and Cd^ ^ ions, complex 
cyanides are formed in each case, the lormulae being K3[Cu(CN)4] and 
K2[Cd(CN)4]. Of these the former is much more stable. In the case of the 
cadmium compound, sufficient of the simple Cd^^ ions are present at 
equilibrium : 

[Cd(CN)4]-'- ;-CdM + 4 CN- 

for the sulfihide ti be precipitated on passing HgS. In the case of the copper 
compound so little Cu++ ion is present that the solubility product of the 
sulphide is not reached. 

8 riS 18 not precipitated if the H+ ion concentration is at all high. SbgSg on 
the other hand is precipitated from fairly acid solution. This explains the 
use ot oxalic acid solution in this case. 
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VOLUMETRIC ANALYSIS 


Volumetric analysis is essentially the analysis of substances by mdllns 
of changes which take place quantitatively in solution. The process of 
adding (ine solution gradually to a known volume of another so as to 
bring a definite chemical change exactly to completion is termed a titra- 
tion. It follows that for a reaction to form the basis of a volumetric 
method it must proceed in accordance with the chemical equation repre- 
senting the change and it must take place rapidly in dilute solution. 
Moreover, some means must be available for determining when sufficient 
of one reactant has been added to react with the other so that neither is 
then in excess. It should be clear also that the conditions must be such 
that for all practical purposes the change is non-reversible. The end 
point may be determined easily if it is marked by a change in colour due 
to the change of one of the reactants (e.g. as in titrations using potassium 
permanganate), but in general no such colour change occurs and an indi- 
cator must be used. The choice of an indicator is discussed later. 

It Will be obvious that wo need at the beginning some solutions, the 
compositions of which are accurately known. Such solutions, which are 
employed to determine the composition of others by titration, are called 
standard solutions. For the preparation of a standard solution by weigh- 
ing out a definite quantity of a substance the latter must be a compound 
of reliabh' composition and obtainable in a state of great purity. “ A. R.” 
(Analytical Reagent) chemicals arc sold under this designation when they 
conform to a pilblished standard of purity and these are almost invariably 
used m making up standard solutions by direct weighing. A substance 
suitable for such work is called a primary standard. How the strength 
of the solution is stated is a matter of convenience ; it may be given in 
grams of solute per litre or, more often, as a Normality or Molarity. 

A Molar solution is one which contains one gram-molecular weight of 
solute in 1 litre of solution (written M). A O-I M solution will therefore 
contain one-tenth ,of the gram-molecular weight in 1 litre. 

A Normal solution is one which contains one gram-equivalent of the 
solute in one litre of solution. This is for most purposes a more con- 
venient system, but it cannot be used if the definition of the equivalent 
is at all equivocal. It must be remembered that the calculation of the 
equivalent must depend on the reaction involved. Consequently Nor- 
maUties find their most simple application in the titrations of acids and 
alkaHs. 

The unit of volume. In the first part and in later parts of this book 
the metric unit of volume is written c.c. since it has long been customary 
to express volumes in this way. Recent determinations of the density 
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of water Lave, however, shown that 1 c.c. is not exactly the volume of 
a gm. of water at 4° C. (i.e. the unito of mass and volume have not been 
related as was originally intended). Since the unit of mass is the standard 
kilogram and 1 litre of water at 4° C. is the volume having this mass it 
follows that 1 millilitre {ml.) of water at 4° C. does weigh 1 gm., whereas 
1 c.c. weighs very slightly less. The relation between the two units is that 

1 ml. 1-000027 c.c. 

For ordinary work such a diflererice is negligible, but since laboratory 
glass ware is now graduated m ml. this symbol is used throughout the 
present section. 

Weighing. A brief note on this subject is included since no pro- 
cedure can occupy so excessive an amount of time if a good method is not 
adopted. The student is advised to concentrate on making himself both 
quick and efficient by training himself carefully from the beginning. The 
following rules should be observed : 

1. The balance should be checked before use to see that 

(a) It is standing with the base in a perfectly horizontal position 
(plumb line or spirit level in the balance case). Unless i;he 
balance has been moved this adjustment will have been made. 
(h) When released it swings an equal number of divisions on 
each side of the central position. » 

(c) The rider, if any, is at the 0 position of the rider scale. 

2. No chemical substance is placed direct on the balance pan : a' clean 
weighing bottle (p. 49), watch glass or aluminium scoop must be used. 
The weight of the substance is found by difference. 

3. Weights are handled with tweezers and are never touched with the 
fingers. Nothing is placed on a balance pan or removed from it while 
the balance is swinging. 

The object to be weighed is placed on the left-hand pan and a weight, 
judged to be too heavy, placed on the other. The left hand is now kept 
on the control knob of the balance while weights are moved with the 
right. In this way the balance may be quickly released into the swinging 
position immediately a new weight is added, and it may usually be seen 
at once if the total weight is too heavy or too light. This is important 
since, if more weights are needed, the control knob is turned back without 
a moment’s delay into the resting position. All but the final adjustment 
of the smallest weights or the rider is then earned out m an extremely 
short time. The left hand should stay on the control knob and the box 
of weights be in such a position that the movement of the right hand is 
quick and easy. 

The weight of the object has been found when the balance pointer 
moves an equal number of divisions on each side of the midpoint in two 
consecutive swings. The weight is then written down immediately in 
the laboratory notebook and checked as the weights are returned to the 
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box, startin^r with the largest. It is undesirable to enter records of this 
kind on pieces of ]:)aper. 

The preparation of solutions. The weighing out of a substance 
preparatory to making up a solution may be quite approximate (e^. to 
the nearest 0*5 gm.) if the solution is afterwards ^o be 
standardised by titration. The solutions used as 
primary standards are, however, made up by accur- 
ately Veighmg out a substance of great })urity and 
Iniown coinposition. The substance must be dry, and 
it IS customary to use a weighing bottle fitted with a 
ground glass stopjier. A weighing bottle is a necessity 
when th(' substance to be weighed is deliquescent or 
oxidises in air. The bottle is weighed when fairly full 
and then small quantities are tipjied out into a clean 
dry beaker until a suitable amount has been weighed 
out. The exact weight is then obtained by difference. 

The alternatives sometimes cm})loyed, is to weigh the 
solid on to a. tared watch glass or a small metal 
scoof). When not in use weighing bottles are kept in a desiccator. 

The ])roeedur(' followeal m weighing is described on p. 48. At this 
stage* it will usually be sufficient to weigh sub- 
stance's no more aeauirately than to the third 
place of decimals. The other processes of 
eh'meiitary analysis are not of sufficient accuracy 
to justify a greater accuracy (and greater time) 
m weighing. 

In dissolving up the weighed solid, hearting 
should not bere.sorted to unless thisis absolutely 
necessary eiti grounds of time. It is in any case 
unwise to heat strongly and still less to boil. 
Beakers should not be filled to more than two- 
thirds of their capacity, and if heated, half full is 
sufficient. It is very undesirable to have to 
transfei a solution from one beaker to another 
when making up a standard solution, not one 
droj) of which must be lost in the process. 

Transferring the cold solution to the gradu- 
ated flask IS a step requiring especial care. A 
loose-fitting glass funnel is placed in the neck 
of the flask and the solution is then poured down 
a glass rod into the funnel (Fig. 2). The rod 
serves the purpose of preventing the last drop from 
ti'ieklipg down the oiitsuh* of tbe beaker when it is set down. The beaker 
has, of course, to be thorou’ghly rinsed with distilled water, using a wash 
bottle. The walls of the beaker are washed down with small quantities 
of water and each is then transferred to the flask in the above manner. 




Fio 1. 


M.r.c. 
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When several such washings have been performed and each transferred, 
the volume of the solution is made-up to the mark, using a pipette full 
of water to add the last few drops. » 

Pipettes. These are graduated in c.c. or ml. They are made to deliver 
the stated volume and no attempt 
should be made to remove the residual 
drop of solution when they have been 
emptied. 

Burettes. These are filled by means 
of a funnel and then a little of the 
solution IS run out before use so that 
the nozzle of the burette remains full. 
It is unnecessary always to commence 
a titration from the zero mark. In 
reading a burette the eye must be on 
the level of the bottom of the meniscus 
to avoid the error of parallax. In 
Fig. 3 the correct reading is 10*6 ml. 
and not 10-5 or 10-8 ml. 

Cleaniu.g and rinsing. While beakers and flasks in which standard 
solutions are made up must be clean and dry (or wet with distilled water 
only) pipettes and burettes must not be filled before they have been 

(а) Washed thoroughly clean, » 

(б) Rinsed out with a little of the solution to be employed. 
Titrations. Titrations may be carried out in conical flasks or beaker- 

flasks, Ordinary beakers are somewhat wide, and it is easy to lose a drop 
of solution when stirring or shaking. If vigorous shaking is necessary 
(luring the titration a stoppered bottle should be used. 

It IS very desirable to record actual burette readmg,s when working. 
Usually the first titration will be somewhat rough since the position of 
the end point will not be known. Three accurate titrations should be 
performed in addition, and of these two should agree to within i OT ml. 
There are experiments for which this standard is too high, and in this 
case the arithmetic mean of several results should be taken. It is, of 
course, no use taking the mean of results which vary very erratically. 
The results are clearest when shown in the form of a table, e.g. : 



Burotte roadinga. 


Titration. 

- - 

1 

Volume of 
i acid u8od. 


From 

To 


1 

0*0 i 

23 3 

23-3 ml. 

2 

233 

46-5 

232 

3 

0-5 

1 

23-7,. 

23-2 

! 


Volume of alkali used: 26 ml. 
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Definitions. Tke student’s attention is drawn to the definitions of 
acid and base given by Bronsted and Lowry. The more common definition 
of an acid is that it is a compound containing hyckogen which can yield 
hydrogen ions (more correctly oxonium ions H3O+) wlien dissolved m 
water. The essential condition is that the acid should be capable of pro- 
viding .the bare ion or proton. For this reason it may be defined 
simply as a proton donor. The corresponding definition of a base is that 
it is any substance which will function as a proton acceptor, i.e. remove 
hydrogen ions from an acid. This view necessitates certain changes in 
the classical viewpoint.* 

Basicity. The basicity of an acid is the number of hydrogen ions 
which can be formed from one molecule of the acid. The basicity musi 
be known in order to calculate the equivalent of an acid since the latte i 
is defined as the number of parts by weight which contain one part by 
weight of ionisable hydrogen. It follows that 

_ , , Molecular weight 

Equivalent 01 acid = ^ - 

^ basicity 

A substance like sodium bisulphate, NaIiS04, is accordingly regarded as 
a monobasic acid when it is made to react with an alkali. 

Neutrality and the Use of Indicators. 

The idea of chemical neutrality is based on the properties of water. 
A solution is neutral (at 25°) when the hydrogen ion concentration is 
10" gram-equivalents per litre, viz. the value it has in pure water. The 
ionisation of water : 

H2O ^ H+ + OH- 

or, more correctly : 

2H,0 ^ H3O+ + OH- 

provides one OH" ion for every hydrogen ion formed. It follows that 
[OH"] = 10"’ gm. equivs. per litre also and that the ionic product 
[H‘^][OH-] = Kw = 10-i^ 

The hydrogen ion concentration is commonly expressed on the loga- 
rithmic scale due to S0reiisen. Taking logarithms of the equation ; 


[H+] = 10-’ 
logic [H+]= -7 

whence — logic [H^] = 7, and this is termed the pH for water. For 
O-OIN. HCi,we have [H+] = 0*01 and hence pH - logio H+ = 2-0. 
For O-OIN. NaOH (assuming complete dissociation) [OH"] = 0*01. 


Now 


[H+]: 


[H+ ] [OH- ]^10-^^^1q-i, 


[OH-] 


10 " 


and 


pH = 12. 


* See Chemical Reviews (1928) for the original account by Bronsted. 
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It is an important rule that whatever the pll may be, for an aqueous 
solution, the ionic product (at 25°) is maintained at lO" This is 
because there is an equilibrium in which great reserves of unionised water 
molecules can be drawn on. 

When equivalent amounts of acid and alkali are mixed the resulting 
salt solution may or may not have a pH value of 7. The reason for this 
has been given on p. 15 ; when one side of the salt is weak there is a 
certain amount of hydrolysis. When we talk of making such a 'salt by 
neutralising the acid with the base the term neutralisation is used in a 
somewhat loose manner. The term is retained, however, since in many 
cases it is possible to find an indicator which will change colour when the 



hydrogen ion concentration changes at the equivalence point (see below) 
The solution, at the midpoint of this colour change, is said to be “ neutral " 
to the indicator selected. It would not be “ neutral ” to a)i,y indicator. 

During the titration of a strong acid with a strong alkali tlu-, change' 
of pR near the equivalence point is very rapid, as is ^hown by the graph. 

N 

This represents the change of as caustic soda is added to 25 ml. of 

N 

hydrochloric acid. 

Any indicator which changes colour between two pH values winch 
come within the range pH = 4 to pH = 10 will therefore give an aqcurate 
end point. Methyl red is clearly the most siw table of those shown in the 
figure. The rule is simply that the pH range of the indicator shall coincide 
with the flat part of the titration curve. For the titration of a weak acid 
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with a strong alkali (or vice versa) the flat part is much shorter and there 
is less choice of indicators. The following are in general use : 


Takes place 

Colour change. between pH : > 

Methyl orange orange-yellow-red 3-0 -6-0 

Methyl red red -yellow 4-4 -6*0 

Litmus red-blue 6-0 -8-0 

Phcnolphthalein non-red 8*3-10‘0 

Thymol phthalein non-blue lO-O-ll-O 


The least quantity of the indicator which is convenient should be 
usc<l since it requires some additional or OH~ ions to effect the con- 
version of one coloured form into the other. The colour of these com- 
pounds is now geni'rally ascribed to resonance among the various “ struc- 
tures ” (cf. S])eakman, Ap Introduction to the Modern Theory of ValencAj 
(1943) for an introduction to this idea). The change in colour may bo 
due, in addition, to a tautormuic change (see textbooks of Organic 
Oliemistry). See \). 2(K). 

Preparation of Some Primary Standards. 

{a) Sodium carbonate NauCOg. 

{!)) Oxalic acid n2C/)4-2H20 or Succinic acid HeC 404 . 

(c) llydrocldoric acid from constant boiling hydrochloric acid. 

It should b(‘ chair that after one or two of the above solutions have 
beim mad(‘ up by weighing out the solute, other acids and alkalis can 
readih be standardised by titration. Solutions are made up with dis- 
tilled water m all cases and ki'pt eitlim- m stoppered graduated flasks or 
transferrcfl to chain dry stoppiued botth^s. A label showing the name of 
the solution, its strength and the date of jireparation or of standardisation 
sliould he affixed. 

(a) Sodium carbonate. The gram -equivalent of a base is that 
wei^dit of it which reacts with 1 giam-equivalent of an acid, causing 
re[)lacement of l-0()8 gm. of hydrogen. From an equation it will be clear 
that wdien sodium carbonate is used as a “ mild alkali ” the equivalent 
IS half th(' moh’cular wTight (or, more correctly, the formula weight — 
there being no nioh'cules of such compounds) • 

Na./X )3 + 2HCI - 2NaCl f H/) -h CO^ 

10 () 

One moli'cule neuti'alises two molecuh's of a monobasic acid. Since the 
molecular weight of anhydrous sodium carbonate is 106, the equivalent 
is na. 

3-3 gm ar(* re(]uired to make 1 litre of solution 
13-25 gm. are required to make 250 ml. of N solution. 

Using a wmighing-bottle, the weight theoretically required will not be 
weighed out exactly. The solution must then be labelled with a factor 
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to express the concentration : 0*103 N #can be expressed as — X 1*03. 

The weighing out of a required weight is in general Slower and may be 
less accurate than weighing a quantity of about the required amount. 

Pure dry sodium carbonate (A.R. standard) may be used in making 
the solution, but a good specimen of the carbonate may be made from 
sqdium bicarbonate. The finely powdered bicarbonate is heated in a 
clean porcelain dish over a low flame for about twenty minuted. The 
temperature should not exceed 300°. The product can be tested for the 
presence of unchanged bicarbonate by heating a little in a dry test tube 
— CO2 and moisture. The carbonate should be allowed to cool in a desic- 
cator. Notes on the making of the solution have been given (p. 49). 

(b) Oxalic and succinic acids* The procedure in the case of these 
two acids is the same. These organic acids suffer from certain disadvan- 
tages : 

(i) They must be dried over calcium chloride in a desiccator to con- 
stant weight without heating. 

(ii) They are weak acids and can be titrated against caustic alkali 
only, and 

(iii) Their solutions are a medium for the growth of certain bacteria, 
and thus after a few days have not the original composition. 

Reagents of A.R. standard must be used. The equivalents are : 

Oxalic acid H2C204*2H20 = 63 

1 ] 8 

Succinic acid H«C404 — 59 

Both acids are dibasic, as is shown by writing their formulae more fully : 
COOH CIU-COOH 

I and I 

COOH CH2-COOH 

Only the carboxylic hydrogen atoms are ionisable. 

The solubilities are : oxalic acid hydrate 67*1 gm. per litre at 15° C., 

N 

succinic acid 50*9 gm. jier litre at 15° C. Decinormal solutions may 

therefore be readily made. Solutions of the sodium *and potassium salts 
of these acids have a hydrogen ion concentration corresponding to pH of 
from 8 to 10, viz. on the alkaline side of neutrality. It will be seen (p. 52) 
that phenol-phthalein is a suitable indicator for use with these acids. 

(c) Hydrochloric acid from the constant boiling acid. The 

strong mineral acids are never weighed out on an accurate balance for - 
fairly obvious reasons. Advantage may be taken to make up hydro- 
chloric acid as a primary standard from its cdhstant boiling mixture with 
water. As shown in Fig. 5, the mixture containing 20-22 per cent, of 
hydrogen chloride has the highest boiling point (lowest vapour pressure) 
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and consequently by loss of more volatile component, this is the final 
product of any distillation. Such a “ constant boiling mixture ” is given 



by several other acids (HBr 47-G per cent., HI 58 per cent., HCOOH 
77 per cent.). 


P {cm. Hg.) 

% HCL 

Weight distillate 
required for / litre 
Nacid. 

72 0 

20 315 

179-460 

730 

20-293 

179-555 

740 

20-269 

179-766 

750 

20 245 

179-979 

760 

20-221 

180-193 

77-0 

20-197 

180 407 

78-0 

20 J 70 

180-650 


Hydrochloric acid of density about 1*1 gm. per ml. should be distilled 
in a flask with a wide side arm and the last quarter of the distillate alone 
retained. The remainder, being of between bN and 6N, is useful as ordinary 
bench dilute acid. From the height of the barometer the composition 
of the distillate retained may be found (see accompanying table). 

• In weighing out the acid a clean stoppered conical flask of about 
100 ml. capacity is used. This is weighed empty and then 80 or 90 ml. 
of the -constant boiling acid are added and the flask re-weighed. Having 
recorded the weights the acid is run through a funnel into an approxi- 
mately equal volume of water in a 500 ml. graduated flask. The conical 
flask and fumiel an* washed with another 100 ml. of water and the volume 
of the solution is then made up to 500 ml. with these washings and water. 
The normality of the acid is then calculated (see third column in table). 

Litmus, pr preferably methyl red, is used in the titration of hydro- 
chloric acid with a strong alkali. Methyl red is much to be preferred for 
titrating the acid against ammonium hydroxide. For titration against 

sodium carbonate solutions methyl orange is used.*** 

• 

♦ Screened methyl orange v easier to use since the colour change is more easily 
seen. This is a solution of methyl orange containing an inert dye, xylene cyanole ; 
the colour change is from green (alkaline) to purple (acid), the neutral tint being 
grey (pH -- 3-8). 
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If required an independent check on the strength of a solution of 
hydrochloric acid can be obtained by titrating with standard silver nitrate 
solution (see Volhard’s method, p. 93). 

The above method yields a solution of about N strength. If deei- 
normal acid is requireEl it should bo made by taking 50 ml. in a pipette 
and making this up to 500 ml. in a graduated flask of tlus capacity. 
Other Standards, (a) Sulphuric Acid; (b) Caustic Soda. 

(a) Sulphuric acid. When one volume of concentrated (96 per 
cent.) sulphuric acid is poured slowly into 30 volumes of distilled water, 
the mixture being kept well stirnal, an ajiproximately N solution of the 
acid is obtained. By dilution decmormal acid may be firepared. The 
titration of the acid against standard sodium carbonate is carried out 
with the use of methyl orange indicator.* 

N 

As in other cases of the sort, when exactly N or -- acid is required 

a solution which is slightly stronger is made. The strength of tJiis is 
determined and it is then suitably diluted. Thus, if the Norniiihty is 
MO, 1 litre of the solution will need to be diluted to make MO litres. 

Alternatively, = ^d09-l ml. should be made uf) to 1000 ml. by 

the addition of water. It may be mentioned that solutions eomnionlv 
do not obey the “ mixture law ” exactly : there may exiiunsioii or 
contraction on dilution. These eflects are negligibly small wlum diliiO' 
solutions are employed, however. 

(b) Caustic Soda. Sodium hydroxide, whether in stadcs or [)ell(‘ts, 
contains small quantities of sodium salts and is extreirndy delKpieseiml, 
Solutions of strengths suitable^ for standardisation are theiefore made up 

XT N , N 

by rough weighing. M, and an' concentrations commonly requiuMl. 
From the equation 

NaOH h HCl - NaCl + TI^O 

40 

it will be clear that caustic soda (a monoacid base) has an eijuivalent 
which is the same as the formula weight. The standardisation of the 
solution is carried out against a solution of standard acid of similar strength. 
Standard caustic soda solutions must be kept in st( [ipered bottles and 
out of prolonged contact with the air. Even so a solution which lias Ix'en 
kept more than a week will need re-standardising. For carbonate-fiee 
alkali see p. 64. 


Exercises in Acid -Base Titration 

The calculations involved in volumetric analysis are generally very 
simple, and the student is left to work these out for himself, hhir aeid- 
base titrations the equivalent of either the acid or tin* base is usually 

* Sec note on prcviou.s page*. 
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easily decided. Starting with some standard solutions there is, in general, 
no need to calculate the weight o£ a substance present in one litre of 
solution. X ml. of 0-95 N acid will clearly neutralise x ml. of 0-95 N 
alkali. If the alkali is not of the same normali^% but is, for exAmjile, 

0-95 

1*1 N the result would he: x ml. of 0-95 N acid neutralise xml. of 

ri N allcall. A larger voluim; is clearly needed if the normality is rtla- 
tivel/ lower, and a smaller volume if it is higher. To calculate the wi'ight 
of solute, per litre' from th(‘ normality smijily multijdy by the eejuivaleut. 

1 . Determination of Borax in a Solution. 


Borax, Na.BiO^-lOHaO, gives a solution which is alkaline as a result 
of hydrolysis : 

Na.Bd); I 7H,0 2NaOH f 4lI,BO, 


The boric acid formi'd is weaker than carbonic acid (the first stage dis- 
sociation constants an' (i-G X 10 and 3*04 X 10' ’) and th(^ solution 
may theretore be used as an alkali just as sodium enrbonate is used. 
When a strong acid is run in the neutralisation of the sodium hydroxide 
causes the hydrolysis to go to completion. Methyl orangi' is employed 
as an indicator. Standard hydrochloric, sulpliuric or nitric acid may be 

N 

used. Th(' titration muy lie jierformed with either N or - solutions. 


(19-1 gm 


oftlie (h'cahydrate gives an approximahty 


N 

10 


solution of borax.) 


S^tict' it, IS really the sodium hydroxide, foriiH'd by hydrolysis, which 
IS Ix'ing titrated, th(' equivalent of boiax is oiiedialf of tin' formula, weight. 
Tlu' vsi'ight of borax ja'r litri' can thus Ix' calculated from the norm^dity 
By wt'ighing out a known amount of the salt the jiercentage of bonix may 
thus be iouiid. flius, d hi gm. are used t-o mak(' 1 litri' of solution and bv 


titration it- is found that t,h<' solution contains j gm 


, .7 100 

then' IS ' nei cent 

tN. 


of* borax m the samph'. 

Ordinary commercial borax contains sodium carbonate. To obtain 
the (h'cahydrate in a- ri'asonalih' state of purity two (*rystalhsatioHS from 
water are lU'ci'ssary. TIh' .salt ri'adily efllon'sces to the pentahydrati' and 
its use as a, jirimarv standard is therefore not convi'iiient, at least for the 
Ix'gmiK'T. In nior*' ('XjK'rienced hands it is considered to be a better 
standard than sodium caibonaO' 


2. Determination of Ammonia in a Specimen of Ammonium 

Chloride. (See also na'tliod on p. GG.) 

Method I. If heavy metals are absent the simplest method is to boil 
a w('ighcd sam])le (^>f the ammonium salt with excess of sta.ndard caustic 
soda,.^ When all the ammonia has been expelled the remaining alkali is 
d('t(*rmmed by titration \\»th standard acid. 


NlTWl [ NaOII = NaCl + NIT 3 + H^O 

17 
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The analysis is carried out in duplicate. Two samples of the ammon- 
ium salt, about 1*5 gm. each, are weighed out from a weighing bottle or 
on to a scoop. They are placed in clean 150 ml. beakerii which are clearly 
labelled A and B. Into each beaker 50 ml. of normal caustic soda is 
measured from a pipette. The strength of this alkali must be accurately 
known. The beakers are then covered with watch glasses of only slightly 
larger diameter. 

The expulsion of ammonia is carried out by heating the beakers on the 
wire gauze until the contents boil gently. Small pieces of pprous pot 
should be added to prevent bumping. After about quarter of an hour 
the hot solutions should not smell of ammonia, and if this is the case the 
solutions are allowed to cool, the sides of the beakers being washed with 
the jet of the wash bottle so as not to lose any caustic soda. Standard 
acid (N) is then run into each beaker in turn, methyl red or litmus being 
used to determine the end point. It should be clear that this titration 
must be done extremely carefully since a repetition of the whole experi- 
ment is undesirable. 

The calculation of th(* ammonia present in the salt is done in two 
steps : (i) from the volume of standard acid calculate the volume of alkali 
actually used up in reacting with the ammonium salt ; (ii) calculate from 
the equation how much ammonia would be liberated by the action of this 
volume of standard alkali. Clearly one litre of Normal alkali would 
liberate 17 gm. of ammonia. 

If it may be assumed that no other ammonium salt or any other sub- 
stance capable of reacting with caustic soda is present the percentage 
purity of the specimen may be calculated from the result. 

Method 11. When the salts of heavy metals are present the first 
method would be vitiated by the precipitation of hydroxides on adding 
caustic soda. A method capable of great accuracy in aH cases is to boil 
a weighed specimen of ammonium salt with excess bench caustic soda 
and absorb the expelled ammonia in excess of standard (N) acid. The 
excess of standard acid is then determined by titration with standard 

(I) 

The apparatus is shown in Fig. 6. Simple precautions are taken to 
prevent splashing over of the alkali and the “ sucking back ” of the acid. 
About 1-5 gm. of the ammonium salt are accurately weighed out from a 
weighing bottle and transferred, with a little water, to the round flask 
which also contains a few pieces of porous pot In the conical flask 
50 ml. of N sulphuric or hydrochloric acid are placed, the volume be’ng 
delivered from a pipette. The apparatus is then assembled and all joints 
made secure. 

From the tap funnel about 100 ml. of bench caustic soda is th^n run 
in. The flask is then heated gently and finally boiled until the volume of 
liquid in the conical flask is about doubled. The connection at X is then 
broken before the flame is removed from under the flask. The solution 
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in the conical flask is then transferred with washings to a 250 ml. graduated 
flask and made up to this volume with distilled water. 25 ml. portions 
of the acid are tittated with decinormal alkali, using methyl red or litmus 
indicator. 



3. Estimation of Sodium Carbonate and Caustic Soda in a Solution 
containing both. * 

Method 1. The best method of estimating these substances when 
present togeth(?r in solution is to titrate the total alkali, using methyl 
orange indicator, and then to do a second experiment to determine the 
caustic soda alone. This is done by precipitating the carbonate by the 
addition of an excess of barium chloride ; 

Na,CO, -f BaCl, = 2NaCl -f BaCO, 

Tlie titration of tlie caustic soda is then carried out, using 
I)henolphthalein as indicator. The reaction 

2NaOH -b BaClj - 2NaCl + Ba(OH), 
makes no difference to the result since the amount of OH“ remains 
unchanged. 

(t) Titrate 25 ml. portions of the mixed alkali solution, using methyl 
orange indicator. The volume of N hydrochloric acid may be put equal 
to X ml. (If the alkali is sufficiently weak decinormal acid will be required.) 

(«) A fresh 25 ml. portion of the mixed alkali solution is placed in 
a conical flask and an apfiroximately equal volume of barium chloride 
solution is added. Two or three drops of phenolphthalein are then 
added before standard acid is run in slotrly from a burette. The 
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end point is reached before any barium carbonate is acted on by the 
acid. If y ml. of the acid are required on this occasion {x — y) ml. must 
hav(' been used to neutralise the carbonate present in the solution. 

Mphod II. If standard hydrochloric acid is run into a cold solution 
of the mixed alkali in the presence of phenolphthalein indicator, the end 
point comes when all the hydroxide and one-half of the carbonate have 
relucted : 

NaOH + HCl - NaCl + H^O 
mfiO, -f- HCl = NaCl -h NaHCOg 

If methyl orange is now added to the colourless solution more acid may bo 
added until a second end point is reached : 

NallGOa }- HCl - NaCl + H,0 

For accurate results by this method the solution of alkali should be ke()t 
iK'ar 0^ C. ; the addition of aliout 5 gm. of salt to the solution l)efor(' 
titrating has also been recommended. 

It follows from the equations tliat if 25 ml. of alkali require y ml. in 
the second titration, then 2y ml. if the amount of acid used up in the whole 
(*x[)eriment in reacting with tlu' carbonate present. If x ml. of acid were 
used in tlu' first titration, (x — y) ml. of acid reacted with the sodium 
hydro.xide present. 

Note. A disadvantage of this method is the fact that in tlu* titration 
using phenol])hthalein the colour of tlu* indicator dies away gradually 
instead of changing sharply from red to colourh‘ss. This is dm* to tlu*. 
slight buffi*!’ ])ro})erties of bicarbonate solutions. 

4. Estimation of the percentage of purity of a specimen of Polas- 
siiim Nitrate by reduction with Devarda’s Alloy and determina- 
tion of the Ammonia produced. 

Devarda’s alloy has the composition Cu 50 }h*i cent., A1 15 j)e.r et*nt. 
and Zn 5 per cent. It behaves like a ziuc-c()j)j>er coufih* and in the presence 
of aqueous (*lectrolyte hydrog(*n is liberatiid. Tlui reaction of the nascent 
hydrogen with potassium nitrate is : 

KNO, I 811 ^ KOI! + Nil, f 21^0 
The alloy is used m the presence of excess alkali so the chaiigt* is t (' pre- 
sented more completely by the eipiation : 

3KNO3 -I 5K0H i 8A1 i 211/) - 8KAIO2 I- 3NH3 
All the ammonia may be expelled fiom the solution by the action of heat. 
It is absorbed in a known amount of standard acid, and the exca'ss acid is 
afterwards titrated. 

The apfiaratus is the same as that shown on f). 59. Rubix'r stopj)(*rs 
should be us(*d. Not more than 2 gm. of tlu* nitrate is weiglied into the 
half-litre round-bottomed thisk. The receiver contains 50 ml. of stafulard 

sulphuric ot hydrochloric acid. 50 ml of b(*neh caustic soda or 
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potash and about 3 gni. of Devarda’s alloy are then added to the nitrate. 

With the apparatus correctly assembled the temperature is raised 
gradually. Hydrogen and ammonia come off with much steam. Dis- 
tillation is continued until the original solution i.j reduced in voluhie by 
about two-thirds. A drop of the residual liquid is then tested with 
Nessler’s solution and no colour will be produced if all the ammonia has 
been expelled. At this point the connexion at X is opened before ^he 
flame* is removed (the same precaution being necessary when doing the 
test with Nessler’s solution). The contents of the receiver and pipette 
are thoroughly rinsed out and made up with washings to 250 ml. Stand - 
N . 

ard alkali of strength is then used to titrate successive 25 ml. portions. 

Methyl red is the best indicator. 

Having established the normality of the acid as x N, we have : 

number of equivahmts of acid in 250 ml — \ 

N . , 1 

Since the receiver originally contained 50 ml. of \ - acid and this is -^^th 
of an equivalent, it follows that the amount of acid used uj) in iieutral- 

1 X 

ismg the ammonia is and this amount of acid would riMjuire the 

same number of equivalents of ammonia. The equivalent of ammonia is 

1 X 

th(' same as the moleculat weight, and thus — ^ ^ gram-moleeules of 

jiotassium nitrate must have l)een mvolvi'd in the reaction. To get tiie 
weight of ])otassuim nitrate in grams it is smqily necessary to multiply 
by the molecular (or formula) weight. 

5. Determination of Orthophosphoric Acid in a Solution. 

The ordinary form of titration curve for a strong alkali and a strong 
rnonobasie- acid is shown in Fig. 4. For a dibasic acid like oxalic acid* 
the titration curve shows two inflexions corresjionding to the two stage 
dissociation (Fig. 7). For sulpliunc acid, since the S(?eond dissociation 
is so strong m dilute solution, the curve is indistinguishable from that 
of a monobasic acid. In the case of orthophosphoric acid there are not 
three inflexions, as might be exfiected, but only two. This is because the 
salt K 3 r 04 is extensively hydrolysed. Titration to the points of its forma- 
tion IS therefore just as impossible as it is in the case of a salt of hydro- 
ryanic acid. Either of the two inflexions shown in Fig. 8 can be found, 
the first by fneans of methyl orange and the second by means of phenol - 
phthalein (or, better, thymolphthalein). The accuracy of the method is 
not as high as might be desired, but for many purposes, c.g. the preparation 
of the, three different salts of the acid, it is satisfactory. The salts can be 
crystallised with a little dlfliculty. 

A suitable solution of phosphoric acid can be made by roughly weigh- 
* The first inflexion is of no practical importance in this particular case. 
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ing out the syrupy acid. The A.R. acid as sold has a specific gravity of 
M . . 

1*75 and is about 16 M. — solution is required. Of this 25 ml. are 




needed for each titration with — caustic potash. The equations for the 
changes are : 

(f) Methyl orange indicator : 

KOH + H 3 PO 4 = KH 3 PO 4 -f H 3 O 
The end point is not very sharp. Screened methyl orange gives better 
results. ^ 

(u‘) Phenolphthalein indicator (thymolphthalein is better) : 

2KOH + H,P04 = KgHPO* + 2H,0 
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If this titration is performed 5 gm. of pure potassium chloride should 
be added to the acid before running in the alkali (or vice versa). The 
reason for this is* that ttie salt K2HPO4 is partially hydrolysed : 

K.HPO* + H2O KH2PO4 + KOH 
so that the solution is slightly alkaline unless the hydrolysis is repressed. 
This means that an incorrect end point is given. 

More accurate methods of determining phosphate lie outside \he 
scope of this book. 

6. Titration of Boric Acid in the Presence of Glycerol or Mannitol. 

Determination of Borate in a Sample of Borax. 

Boric acid, H^BO,, is a tribasic acid. Only the first stage ionisation 
is appreciable. The dissociation constant, 5*0 X 10 may be com- 
pared with the value for the first stage ionisation of carbonic acid : 
3*04 X 10~^. In the presence of glycerol or mannitol, however, it is 
found that a solution of boric acid is much more strongly acid. Against 
caustic soda it may now be titrated as a monobasic acid, the end point 
being given by phenolphthalein. The acid : 

CH2OH 


CH-O. 

I 

CH— O' 


>B- OH 


IS thought to be formed in the presence of glycerol, but for practical 
purposes the reaction with alkali is represented : 

HBOj + NaOH - NaBO^ -f H^O 

The reaction is employed in this experiment to determine borate in a 
sample of borax, NaaB^Ov-lOHjO. In the presence of acid, free bone acid 
is liberated from this salt (see p. 57) : 

4- 2HC1 -f 5H2O = 2NaCl -f IHgBOa. 

A titration is first necessary to obtain a neutral solution. About 30 
gm. of the borax is weighed out and dissolved in water to make up one 

N 

litre of solution. 50 ml. portions of this are titrated with — hydrochloric 

acid, using methyl *red indicator. Omitting the indicator further 50 ml 

N 

portions are next neutralised with the — acid and then treated with 50 ml. 

z 

of neutral glycerol (the commercial product usually contains a little acid) 
or 1 gm. of mannitol. The solution is then titrated in 20 ml. portions 
. N 

w*ith — caustic soda, using phenolphthalein. It is essential lo add a 

little more glycerol or niaiAiitol at the end to ensure that the change is 
complete. If this causes tlie colour of the indicator to vanish more alkali 
is run in and then a further test with more glycerol or mannitol is made. 
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From the normality of the solution with respect to metaboric acid, 
HBO 2 , it is simple to calculate the; percentage of B 4 O 7 radical in the 
original borax. A litre of solution whicli is Normal with respect to HBO 2 

. , . M 

is equivalent to a litre of — borax solution. 

Carbonate-free Sodium Hydroxide Solution 

fit has been mentioned (p. 56) that a solution of caustic soda cannot 
be kept more than a week without restandardising. Solutions made up 
in the ordinary way invariably contain a small amount of socjium car- 
bonate, and for many purposes, e.g. stand- 
ardisation of strong acids, this is not of 
great inqiortancp. For the titration of 
weak acids using phenolplithaleiii, however, 
such a solution is unsuitalile. 

Carbonate-free alkali is made from tlie 
best (jiiality caustic soda sticks, rinsed 
quickly with water and dissolved m boiled 
distilled wa,ier. The solutaori is allow(al to 
cool in a, flask fitted witli a soda-liriH' tulx'. 
The solution is standardised against oxalic 
acid. By doing ])arallel titrations, om* in 
the cold and the other in boiling solution, 
using phenoljihthalein, freedoid from ciu- 
bonaXe can lie check(‘d at any time. Tin' two 
results should a,gree to within 0 t nil. 
Carbunat('-fr(‘e alkali must, lx* st.ored m an 
aspirator fitt.ed with a soda-linie tulx*. 

Use of Barium Hydroxide Solution. 

The use of barium hydroxidi' is fn'- 
((uently preferred to t.ln* use of eaihonat.e- 
free sodium hydroxide* solution ddx* cold 
saturated solution is about f)d N and any 
carbonate* feirmeel settles quickl}^ t.o the 
bottom as a sjiarmgly solulile* solid 

50 gin. of the crystals, Ha(0II)v81I,,0, are* aelde*d tee 500 ml. e)r Ixuling 
distilled water. Afte'r a few minutes a,t the benling point the mixture' is 
allowed to cool in a Hask fit, ted wit,h a, soda-lime tube. The cold saturated 
solution IS elecanteel into an as])irator, connected as shown, with a spe'cial 
burette and carrying a soda-lime tube (Fig. 9). ]| litres of cold boiled 

distilled water are then added so that the solution is made approximately 
decinorrnal. 

In time a little* turbidity is always noticeable* in the baryta solution. 
This, however, settles to the bottom anel the solution run to the burette 
slioulel be* elear. The solution must, howeveV, be standardised against 
oxalic acid or hydrochloric acid on the same day as it is used. If hydro- 
chloric acid is used the indicator is methyl red. 
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Additional Exercises 

• 

1 . Standardisation of hydrochloric or nitric acid by means of 

calcite. 2 or 3 gm. of small calcite crystals an* introduced into a'c^ein 
beaker of 250 ml. capacity. The whole is then weighed and 50 ml. oi' 
roughly N acid are run in. The reaction is allowed to go to completion. 
The beaker is then placed over a flame and the solution boih'd to (\\*|ie! 
dissolved carbon dioxide. The clear solution is then decanted and the 
beaker aad residual calcite washed thoroughly with distilled water. AfU'r 
drying in the steam oven the beaker ainJ contiuits aie again weiglied. 

CaCOa + 2 HNO 3 Ca(N() 3 )o ! 11,0 [ CO, 

100 

From the equation 100 gm. of calcite require 2 litres of N arid If 1 gm. 

of calcite were used up 20(X) ml. of N acid would be nafuired. Sinci* 
1 00 

50 ml. of acid were actually used, the concentraXion as a Normality is 
obtained by dividing. 

2. Standardisation of approximately decinormal potassium 
hydroxide by means of pure potassium quadroxalate. This salt, 
KHC204’H2C204-21 {o 0, is a mohamlar (‘onqiound of the salt KH(50, with 
the acid. The formula weight is 251. In titiation tJirei* a,1oms of livdio- 
gen in the nSolecule are replaced and hence lh(' eipiivahuit. isSCGT. About 
S-5 gm. are accurately weighed out to make uj) 1 litre of decinormal 
solutfon , the normality factor is then calculated. 

The titration with potassium hydroxuh' is carried out priicisely as for 
oxalic acid or succinic acid, using jihenolplithalein as indicatoi. • 

3. Estimation of sodium carbonate and potassium carbonate 
in a solution containing both. For this (“xercise a solution containing 
about 15 gm. of the mixed anhydious carbonates m 500 ml. is suitable. 

N 

25^ ml. portions of this are titrated against hydrochloric or sulphuric 

acid, using methyl orange indicator. The interest of the exercise lies in 
the calculation. 


Na2C03 -i- 2HC1 - 2NaCi + CO. + H2O 

406 

K 2 CO 3 + 2HC1 = 2KC1 -f CO, f H,0 

138 

Suppose that 1 litre of carbonate solution contains 30 gm. of the mixed 
carbonates (x gm. of NaaCOg and (30 — x) gm. KoCOg) and that 25 ml. of 

N 

the solution 'requires 27*5 ml. of — acid, 

N 

i.e. 1 litre of carbonate solution :: T1 litres ^ acid. 

2 


M.P.O. 




Hence the value of x may be found. 

4. Determination of the amount of water of crystallisation in 
sodium carbonate crystals. A solution containing about 12 gm.‘ of 

the crystals per litre is suitable for titration with ^ acid, using methyl 

orange. This weight is accurately weighed out and 1 litre of solution 
made up (or 500 ml. containing G gm. may be sufficient). 

N 

If 25 ml. of the carbonate solution require x ml. of acid the nor- 
mality of the carbonate is 0*1 N. The weight of anhydrous carbonate 
X 1 

is then 53 gm. per litre. If there are M gm. of the crystals in 1 litre 


53.r 

the amount of water in the crystals must be M — gm. The weight 

of water combined with lOG gm. is then easily obtained. By dividing 
by the molecular weight of water the number of molecules of water 
combined with one molecule of the carbonate may be obtained. (By 
efflorescence washing soda crystals i,urn from the decahydrate to the 
monohydrate.) 

5. Determination of the equivalent of magnesium. Some mag- 
nesium ribbon is first cleaned with sand pajier, and two samjiles of about 
0-5 gm. are accurately weighed out. Each of these is dissolved in 50 ml. 
of N hydrochloric acid or sulphuric acid in a conical flask. The excess 


acid is then titrated with standard alkali. The eimivalcnt of the metal 


is the number of grams of it which react with 1 litre of N acid. TIk' 


titration with the alkali should be accornjianied by ‘brisk stirring, and 
preferably is carried out at about GO"' C. This is to avoid jirecipita- 
' tion of the hydroxide during the titration. Methyl red is a suitable 
indicator. « 


6. Determination of ammonium chloride in a specimen with the 
use of formaldehyde. Ammonia and formaldehyde reject to form 
hexamethyleiie ietramine (CH 2 )eN 4 with the structure : 
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If an amftionium salt is used the free acid is liberated in equivalent amount : 
4 NH 4 CI + 6 HCHO = (CHOeN^ + 6 H 2 O + 4HC1 
An approximately decinormal solution of ammonium chloride is first 
made by weighing out accurately about 5 gm. of the specimen and making 
1 litre of solution. A quantity of 20 per cent, formaldehyde solution is 
then made neutral by adding a drop or two of phenolphthalein and then 
decinormal alkali, drop by drop, until a faint pink colour is obtained. 
10 ml. of this solution are added to 25 ml. of the ammonium chloride and 
the mixture is then allowed to stand for two minutes. Standard (deci- 
nornial) alkali is then run in from the burette until the pink colour of the 
indicator is restored. 

This is an accurate and rapid method of estimating ammonium salts. 
If pure ammonium chloride is used the method can be used to standardise 
an alkali Wtthout the use of standard acid. 


OXIDATION REDUCTION TITRATIONS 

Oxidation and reduction are two processes which have very ’wide 
ap])lication in analytical chemistry, wider, one would say, than that of 
acid -alkali titrations. It will be clear that if we are estimating a sub- 
stance which IS a reducing agent, e.g. a ferrous salt, all we have to do is 
to, titrate its solution against a suitable oxidising agent in standard solu- 
tion. In many cases it is more convenient to use an excess of the oxidi- 
sing agent and then determine the excess by a “ back-titratioi\.” For 
this a standard solution of a reducing agent will be necessary. 

The gram-equivalent of an oxidising agent is determined, not by 
.reference to any pi^rticular element which it contains, but by calculating 
how much of it is needed to oxidise T008 gm. of hydrogen to water. It 
is, of course, a sinqile matter to rejdace this “ T(K)8 gm. of hydrogen ” by 
“ the equivalent of another element having regard to the change involved.” 
Thus, 111 the change of ferrous iron to ferric the valency changes by one 
unit and the eijuivalent of ferrous iron is 50 (the atomic weight). Potas- 
sium permanganate in the presence of dilute sulphuric acid is often used 
to effect this change. We have then (cf. p. 10) 

Fe++ — c — Fe++~‘' (e — electron) 

f 0 + 2c H,o + sor- 


(i) 

(ii) 
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The oxygen is provided by the change : 

2KMn04 + 3 H 2 SO 4 = 2 MnS 04 + ^ 2 ^ 0 , + 3Ij[aO + 60 

or more sliortly 

2KMn04^K20-2Mn0 + 50 

(2 X 158 ) 

From equation (ii) it will be seen that the provision of five atoms of oxygen 
wduld accompany the taking up of ten electrons, and this brings about 
the oxidation of ten atoms of ferrous iron. The equivalent of potassium 

31 fi ' 

Iiermanganate js then --- = 31-6 (in acid solution). 

The problem of finding an indicator for an oxidation-reduction titra- 
tion is more complex than it is for acid-alkali titrations. Fortunately the 
j)ro])leni is readily solved 111 a number of simple cases. There is as yet no 
general answer to this question, and advances in theory will probably 
revolutionise this tyjie of work. In the case of potassium permanganate 
tli(‘ rc'agf'iit itself is strongly coloured and the colour pales sharply at the 
end yiomt (Mn'^+ salts are m general pale pink). Iodine titrations are 
cari’K'd out with the use of starch as an indicator. As soon as any excess 
lodiiK' is iiresi'iit it combines with the starch to form a dark blue adsorp- 
tion compound of uncertain composition (at ordinary temperatures). It 
is ob\ loiis that a substance can be used as an internal indicator (i.e, placed 
in ilip titration vessel) only when it does not appropriate t^he oxidising 
ag^Mit/ until there is a slight excess. When such an indicator is not avail- 
able it may be possible to test for the presence of unoxidised material. 
Thus, in one method of titrating ferrous salts with potassium dichromate, 
drops of the solution are withdrawn from the titration vessel at intervals 
and addl'd to spots of yiotassium ferricyanidc solution on a porcelain tile. 
A dark bliu' colour shows the presence of unoxidised ferrous salt. The 
cnqdoynient of an external indicator has the disadvantages of being slow 
and not jiarticularly accurate. The discovery that certain organic dyes 
cUn be emjiloyed as internal indicators for oxidation-reduction changes 
has greatly improved ceitain volumetric methods. The colour-change of 
the dye must not occur before the main oxidation change between the 
reactants has occurred, but it should then take place immediately and 
with as little excess of oxidising agent (or reducing agent) as possible. 
The theory of these indicators is still incomplete and lies beyond the 
■!cope of this book. 

The oxidising action of potassium permanganate and potassium 
dichroraate rests on the formation of compounds derived from lower 
oxides : 

Oxidant. MnO*- Reduction product. Mn++ 

Corresponding oxide. MiiaO, Oxide. MnO 

The oxidising action of iodine depends on the Combination of the element 
with hydrogen : 


I 2 -f 2H - 2HI 
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but the fundamental change is simply the change from the covalent to 
the electrovalent state : , 

1 + ^= 1 - 

That this is the essential process in oxidations invojving ions is particularly 
clear in the behaviour of ceric salts which are very strong oxidising agents : 

0e++++ + e = Ce+++ 

and ih the behaviour of titanous salts which are reducing agents ; 

• Ti+++ - e= Ti^-^ 

Both of these can be used in conjunction with such “ redox ” indicators 
as diphenylamine or methylene blue. Unfortunately their uses are 
restricted at present and the use of such indicators is only described in 
a few exercises in the following jiages. For a note on oxidation-reduction 
potentials see Appendix II, p. 218. 

POTASSIUM PERMANGANATE 
N 

Preparation of approximately - Potassium Permanganate Solu- 
tion. 

In the presenc(‘ of dilute sulphuric acid and a reducing agent two mole 
ciiles of potassium jiernianganate yirovide five atoms of oxygen. Potas- 
sium sulph«»te and manganous sulphate are formed. As explained on the 
yirevious yiage the equivalent of potassium yierrminganate, when used in 
acid ic-onditions, is one-fifth of the formula weight 

A solution of about decinormal strength is commonly used For tins 
about 3 gm. of the crystals an' weighed out, dissolved in about 2(K) ml. 
of warm distilled water, and tlien the volume of the solution is made up 
to one litri' in the usual way. Potassium permanganate is not obtainable 
in the highest state of purity and solutions when mad(' uj) have to be 
standardised, Standaidisation should lie carried out preferably after 
twenty -four hours. The standard solution should not be allowed to come 
into contact with rubber. 

Standardisation of Potassium Permanganate with Sodium Oxalate 
(or Oxalic Acid).* 

Standard sodium oxalate solution is first made up. Some jiure (A.R.) 
sodium oxalate, dried in an air oven at about 110° C., is placed in a 
weighing bottle and about S’-b gm. are accurately weighed out into a 
clean beaker of about 250 ml. capacity. The salt is dissolved in about 
200 ml. of wkter and the solution is transferred with washings to a 500 ml. 
graduated flask. The equivalent is 67. 

Na2C204 b H 2 SO 4 - HAO 4 + Na2KS04 

13'1 

II2G2O4 -f 0 HoO d- 2CO2 

Altoniative methods of standardisation are given afterwards. 
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Hence : 

2KMn04 + 8HaS04 + 5Na,C*04 = K,S04 + 5NaaS04 + 2 MnS 04 

2 X 168 5 X 134 ' 

+ 8H2O + IOCO2 

In doing the titration 25 ml. portions of the oxalate solution are diluted 
with about 100 ml. of water and about 5 ml. of concentrated sulphuric 
acid are added. The solution is then heated nearly to boiling and the 
permanganate is run in from a burette while stirring rapidly. The tem- 
perature should not be allowed to fall below 60° since the reaction is then 
slowed down inconveniently. 

The first drop or two of potassium permanganate is decolorised 
slowly, but as soon as some manganous sulphate has been formed the 
reaction proceeds rapidly with the evolution of carbon dioxide. Man- 
ganous sulphate is a catalyst for the change. The end point is reached 
when a permanent pale pink coloration is obtained. 

If insufficient sulphuric acid is present, or if the permanganate is run 
down the side of the titration vessel, a little hydrated manganese dioxide 
may be formed as a brown deposit or film. If this does not clear on adding, 
a little more acid the titration must be rejected. 

Notes. 

1. If preferred the crystalline oxalic acid may be used in place of the 
sodium salt. In this case 3d 5 gm. of the acid, H 2 C 204 - 2 H 20 , are rn^eded 

N . 

for 500 ml. of — solution. The equivalent is 63. The procedure for the 

titration is the same as for sodium oxahite. The free acid does not always 
correspond exactly to the formula given owing to slight variation in the 
amount of water of crystallisation. Its solution keejis badly owing to 
the multiplication of bacteria. 

2. Standard permanganate solution should be kejit in dark glass 
bottles. Some of its commonest uses are given below. It is not used 
for oxidation in acid solutions containing chlorides since it readily oxidises 
dilute hydrochloric acid. 

Standardisation of Potassium Permanganate with Ferrous Am- 
monium Sulphate (Mohr’s salt). 

A solution of ferrous sulphate is oxidised by potassium permanganate 
, solution in accordance with the equation : 

2KMn04 + 10FeSO4 -f 8H2SO4 = + 2 MnS 04 

+ 5Fe2(SO,)3 f 8H2(> 

Ferrous sulphate crystals, however, always contain a small amount of the' 
ferric sali produced by air oxidation, and the solution also is oxidised 
slowly in air. The double salt, ferrous ammonium sulphate^ 

FeS04-(NH4)2S04-6H20, 

however, can be bought in a high state of purity. Alternatively the com- 
mercial product can be recrystallised from water. This salt and its. 
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solution are comparatively stable in air. The stability of a solution of 
ferrous, sulphate is increased by th^ addition of sulphuric acid, and this 
applies to the dduble salt (cf. p. 218). 

From the above equation or from the relationships : 

Fe 0 =EFeS 04 * 

and 2FeO -f 0 FegOg 

it is clear that the equivalent of ferrous sulphate is the formula-weight. 
Hence the equivalent of the double salt is 392, of which weight almost 

N 

exactly dne-seventh is iron. For 250 ml. of -- solution, therefore, 9*8 gm. 

of ferrous ammonium sulphate are needed. This quantity is accurately 
weighed out and 250 ml. of solution made up with the addition of plenty 
of bench sulphuric acid (say 50 ml.). If more or less than 9*8 gm. are used 
the normality is calculated. 25 ml. portions of the solution arc acidified 
with about 10 ml. of bench sulphuric acid before titration with per- 
manganate. 

Standardisation of Potassium Permanganate by means of Iron 
Wire. 

Ferrous sulphate may be made by dissolving very pure iron wire (M gm. 
N . 

for — in about 50 ml. of bench sulphuric acid. The solution must be 
10 ^ 

kept strongly acid and is made up to a volume of 250 ml. in a graduated 
flask with sulphuric acid and water. It must be used immediately. 

^be method is o[)en to the objection that iron wire always contains 
a little carbon and is never 100 per cent. iron. 

Exercises Employing Potassium Permanganate * 

1. Estimation of Iron in a specimen of Iron Alum. Ferric salts 

can be estimaled 

(u) by first reducing them m solution and titrating the ferrous salt with 
' standard permanganate (or diehromate) ; or 
(6) by direct titration with a strong reducing agent such as titanous 
sul[)hate. 

The first method is u.sed here. For the use of titanous sulphate, see p. 73. 
Iron alum has the formula (NH4).2804*Fe2(S04)324H20. Since the 
■» . . N . 

eipii valent of Fe^ ^ is 56 one litre of solution can be made by reduction 

of one-twentieth the formula weight in grams of the alum. About 12 gm. 
of the crystals, previously powdered in a mortar, are weighed out accurately 
and dissolved in not more than 150 ml. of water in a conical flask. This 
flask IS then fitted with a Bunsen valve (Fig. 10) and a little granulated 
zinCj and atout 25 ml. of concentrated sulphuric acid are then added.* 
The reduction may take aJhout quarter of an hour. To see if it is complete 

* While a Bunsen valve is convenient if the reduction is loft overnight to go to 
completion, a long glass tube will prove just as useful and efficient in ordinary use. 
For an alternative method of reducing ftuTic salts see p. 76. 
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;i drop of the solution is withdrawn on a glass rod and tested with potas- 
sjurn ferroeyanide on a white tile. More zinc may be needed to complete 
the reduction. When this is accomplished 
the cold solution is quickly filtered through 
glass wool in a funnel into a 250 ml. grad- 
ual (■(] flask. The volume is made up with 
bench sulphuric acid (50 ml.) and water, first 
used for washing out the conical flask. 

25 ml. portions of the ferrous sulphate 
Holutjon are next titrated with standard 
])Otassiuni permanganate in the usual way. 
From the fact that N Ferrous sulphate solu- 
tion contains 56 grn. iron ])er litre it is easy 
to calculate the pcTcentage of iron in the 
original salt. It is not admissible to use the 
result to calculate the percentage purity of 
th(‘ alum because of the other constituents 
which may vary a little from the theoretical 
composition. It wmuld be desirable, for ex- 
ample, t,o (h'ternnne the ammonium radical 
by Method II on ]). 58. 

2. Estimation of Hydrogen Peroxide in a solution. Hydrogen 
jieroxide can Ixdinve as either an oxidising agent or a reducing agent 
depending on the natin(‘ of the substance with which it is m contact. 
These dilferent behaviours may be rejin'seiited : 

{a) TUOo = HoO + 0 

ib) IhO, + 0 = 02 + i-LO 

In the presence of permanganate in acid conditions the second reaction 
taki'S [ihice ; 

2KM11O4 + 3H,S04 + 5H..O0 = K2SO4 1- 2MnS04 + SI^O 

5 y :i4 

+ 50a 

“ 20 volume ” hydrogen peroxide is about 4 N and contains about 
6 yier cent, of the compound. 25 ml. of this solution are 2:>ipetted into a 
1 litre graduated flask and the solution made up to the mark with water. 
25 ml. of this solution should be diluted with ten volumes of water and 
about 30 to 40 ml. of bench sul[)huric acid added before doing a titration 
with standard jiermanganate. Three accurate titrations should be per- 
formed as usual. 

It will be clear from the above equations illustrating its behaviour, 
that as an oxidising agent or as a reducing agent the equivalent of hydrogen 
peroxide is one half of the molecular weight. By calculating the weight 
in grams per litre from the normality one can afterw^ards obtain the result 
as a percentage, remembering that the solution used was 40 times as 
dilute as the original solution marked “ 20 volume.” 
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Alternatively the “ volume strength ” of the original hydrogen per- 
oxide solution may be calculated. From the equation : 

2H2O2 = 2H3O + O2 


it is clear that one gram-molecule (34 gm.) of hydrogen peroxide can pro- 
vide 11*2 litres of oxygen at N.T.P. If there are W gm. of the substance 

11'2 X W 

present in 1 litre each litre will provide litres of oxygen Jiat 


N.T.P. This is the “ volume strength.” 

3. Estimation of Sodium Nitrite in a solution. The estimation 
of nitrites as reducing agents is complicated by the fact that nitrous acid, 
liberated in the presence of acid, readily decomposes with evolution of 
oxides of nitrogen. In Lunge’s method this difficulty is overcome by 
placing the nitrite solution in the burette and running it into warm acidi- 
fied permanganate. The nitrous acid is then immediately oxidised to 
nitric acid. The equation for the change is : 


5 KNOa + 2KMn04 -f 3H2SO4 = 5KNO3 -f K^SO* + 2MnS04 

6 X 85 

+ 3H2O 


A suitable solution for the exercise may be made by dissolving about 
4 gm. of sodium nitrite or 5 gm. of potassium nitrite in water and making 
tlie volume up to one litre. For determination of nitrite in a specimen it 
would be necessary to fuse in a covered crucible and allow the solid to 
cool in a desiccator. The sodium salt is very deliquescent. 

* . . N 

In a titration 25 ml. of — potassium permanganate are placed in a 

beaker, diluted to about 200 ml. with water, acidified with about 2^ to 
30 ml. of bench sulphuric acid and warmed to about 40° C. With the 
burette nozzle ju^t below the surface of the permanganate, which is kept 
well stirred, the nitrite solution is run in slowly. The end point is reached 
when the permanganate is just decolorised. The result may be stated 
as a normality or in grams per litre of nitrite. 


TITANOUS SULPHATE 

Standardisation of a solution of Titanous Sulphate. 

Titanous salts arp among the most powerful reducing agents avail- 
able in volumetric analysis. By means of titanous sulphate solution ferric 
salts can be estimated by direct titration : 

^63(804), + Ti 2 (S 04)3 = 2FeS04 + 2Ti{S04)2 
Ferrous salts are relatively such weak reducing agents that the reduction 
goes to completion. 

Commercially, titanous sulphate is available in a strong dark violet 
coloured solution. 100 ml. «f this are mixed with 100 ml. of 50 per cent, 
sulphuric acid and brought to the boil in a flask. The solution is then 
diluted with about a litre of boiled water and kept in a stoppered bottle. 
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Titanous chloride is obtainable in a similar solution and can be made up 
. instead. It is, however, much morf^ readily oxidised by exposure to the 
air and must be kept under hydrogen. With reasonable precautions the 
sulphate can be used in an ordinary burette, but it must be standardised 
just prior to its use. 

The quickest method of standardisation in the case of titanous sulphate 
isf to employ standard permanganate. 25 ml. of about 0-1 N ferrous 
ammonium sulphate are titrated in the ordinary way with standard 
permanganate. 1 or 2 ml. of j)otassium thiocyanate solution are then 
added and titanous sulphate run m until the red colour is just discharged. 
Estimation of Iron in Iron Alum by titration against standard 
Titanous Sulphate solution. 

The Equivalent of iron alum is one-half of the formula weighty as is 
evident from the change involved in its reduction : 

Fe+++-f c = Fe^^ 

The reaction with titanous salt may be represented : 

Fe^-++ + Ti+++ = Fe++ -f- Ti++++ 

the anions common to both sides of the equation not being shown. The 
titanous salt, by lowering the valency of the iron, is of course supplying 
electrons (p. 10). Since the formula weight of iron alum is 964, 12-05 gm. 
of it are needed to make 250 ml. of a decinorrnal solution. <.4.bout 12 gm. 
of the powdered alum are accordingly accurately weighed out and the 
solution is prepared in the usual manner. 

There are two methods available for performing the titration of the • 
ferric salt with titanous sulphate : 

(a) Using potassium thiocyanate indicator. 25 ml. portions of the 
alum solution are treated with a few nd. of jiotassium thiocyanate solu- 
tion. The blood red colour of ferric thiocyanate persists until all the iron 
has been reduced to the ferrous state. This gives quite a sharp end jioint. 

(b) Using methylene blue indicator. 25 ml. portions of the alum 
solution are treated with 2 or 3 drops of methylene blue solution made 
up in alcohol. When titanous sulphate solution is run in the blue colour 
disappears with the first drop m excess. The dye is decolorised owing 
to the formation of leuco-base. The end point is quite sharp (and revers- 
ible in direction) ; more accurate results are said to be obtained by warm- 
ing the ferrous salt solution to about 40° C. before completing the titration. 

POTASSIUM DICHROMATE 
N 

Preparation of approximately Potassium Dichromate Solution.. 

As an oxidising agent potassium dichromiote possesses the advantages : 
(a) it is readily obtained in a state of purity and can, m fact, be weighed 

as a primary standard ; 
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{h) its aqueous solution preserves its strength unc^i^ed for a long 

period ; and • • 

(r) it does not o:5fldise moderately dilute hydrochloric acid And can 
therefore be used to estimate ferrous iron in the presence of chloride 
The oxidising action of potassium dichromatJe in acid conditions 
depends, as in the case of permanganate, on the formation of salts in which 
the metal exhibits a lower valency : 

Oxidant : CrjO, Reduction product : Cr'''++ 

Corresponding oxide : CrOg Oxide : Cr^Oa 

viz. KaCrsO^-^KjO-CrjOa-SO 

294-18 

The change from dichromate to chromic salt is accompanied by a change 
of colour from orange to green, but in dilute solutions, such as are used 
in volumetric work, this change is not sutticieiitly sharp to give the end 
])oint. An indicator has therefore to be used (below). 

Since in acid conditions the formula weight in grams of the potassium 
dichromate liberates 48 gm of oxygen the eijuivalent is one-sixth of the 
formula weight, viz. 49’03. The pure salt should be carefully melted in 
a clean porcelain dish and then allowed to solidify so as to remove traces 
of water. When powdered this may then be weighed out as a primary 
standard. iVbout 2*5 gm. should be accurately weighed out to make u[) 
500 ml. of deii normal solution. The factor is then calculated from the 
weight used. 

Estimdtion of Ferrous Iron in Solution using Potassium Dichro- 
mate. 

Suitalile solutions for use in this exercise are : 

(а) The solution of ferrous ammonium sulphate used to standardise 
potassium perrnaiiganatc (p. 70). A standard solution of ferrous ammon- 
ium sul})hate is in fact used when it is neces.sary to standardise potassium 
dichromate. 

(б) The solution obtained by reduction of a ferric salt as described on 
p. 71 (and p. 7G). 

Alternatively the exercise can be utilised to find the percentage of 
iron in a specimen of iron wire or iron filings. 

K 2 Cr 207 + OFeCl^ + 14HC1 =- 2KC1 f 2CrCl3 + GFeClg + TH^O 

The standard dichromate solution is put into the burette. 25 ml. 
portions of the solution of ferrous salt are made strongly acid with bench 
sulphuru; or hydroclilonc acid and the dichromate run slowly in. The 
orange colour of the dichromate ion will be seen to change, and as the 
titration proceeds the green c.olour of the chromic ion will become more 
evident.^ There are two common methods of finding the end point and 
experience should be gamed i«n both, possibly by doing the same titration 
several times, fir.st to get consistent results with the internal indicator 
(Method I) and then using the external indicator (Method II) : — 



76 QUANTITATIVE ANALYSIS 

Method L Dij)heiiylamine in sulphuric acid * used as indicator. 
Four drops of this indicator are needed, together with 5 ml. of phosphoric 
acid (made by diluting syrupy phosphoric acid with twice its volume of 
water). As potassium dichromate is run in the green colour deepens 
and then, at the end point, a blue colour is produced by the first slight 
excess of dichromate. 18° to 20° C. is a convenient temperature for 
obtaining accurate results. 

Method 11. Potassium ferricyanide used as an external indicator. 
The tests are carried out on a porcelain tile. After each addition of 
dichromate solution a drop of the well-stirred mixture is withdrawn on 
a glass rod and added to a spot of potassium ferricyanide solution, freshly 
prepared. As long as a dark blue precipitate is seen on mixing the drops 
some unoxidised ferrous iron mvist be present. At the end point there 
is no blue precipitate, but only a clear brown coloration. It is, of course, 
important to wash the glass rod between each test. The procedure is 
more troublesome than that of Method I ; it is less accurate and open to 
the objection that there is some lo.sa of solution. 

Estimation of Ferric Iron in Solution using Potassium Dichromate. 

If a solution containing ferric iron is to be analysed with the use of 
dichromate, it is first necessary, as in using permanganate, to reduce the 
iron to the ferrous state. In this case zinc and sulphuric acid (p. 71) may 
not be a suitable reducing agent since zinc ions give a precipitate with 
the exiiernal indicator of potassium ferricyanide, and tliis*^' obscures the 
end point. (This objection does not operate against the use of diphenyl- 
amine indicator.) There are, however, other methods of reducing ferric 
salts in solution, the best being to use stannous chloride solution as a 
reducing agent and to get rid of any excess by treatment with mercuric 
chloride solution. 

It should be understood that the reduction may be carried out in the 
way described on p. 71, provided that potassium ferricyanide is not after- 
wards used as an indicator for the titration with dichromate. 

The reduction with stannous chloride proceeds rapidly and may con- 
veniently be carried out with each successive 25 ml. portion of ferric salt 
solution. The latter should therefore be of about decinormal strength 
(5*6 gm. of iron per litre). 

To 25 ml. of the ferric salt solution 2 or 3 ml. of concentrated hydro- 
chloric acid are added and then the solution is warmeil to 60° or 70° before 
adding stannous chloride drop by drop from the bench bottle. Enough 
stannous chloride must be added to remove the yellow colour of the ferric 
ion. 

2FeCl3 -f SnClj - 2FeCl3 1- SnCl, 

* The indicator solution is made by dissolving 0 2 gm. of diphGny4araine in 100 ml. 
of concentrated sulphuric acid. Oxidation produces diphenyllienzidine and it is this 
which undergoes the colour change. In the absenae of phosphoric acid, + + ions 
tend to produce the colour change (cf. Appendix II, p. 218). Still better is N-phenyl- 
anthranilic acid which is used in 1-3 N. H 2 SO 4 . This gives a reddish purple colour 
at the end po-nt. 
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Only a alight excess of stannous chloride should be added. The solution 
is then cooled under the tap and a, slight excess of mercuric chloride 
solution added. This oxidises the excess stannous chloride, and white 
insoluble mercurous chloride is precipitated : 

SnCl, -f 2HgCl2 = HgjCla + SnC^ 

A slight white precipitate should therefore be obtained. If too much 
stannous chloride is present a heavy precipitate which turns grey or 
black will be obtained. The solution must in such a case be rejected. 
The mercutous chloride and excess of mercuric ion do not interfere with 
the subsequent titration with dichromate which is carried out in the 
usual way. 



lODOMETRY 


Titrations involving iodine find wide application, and the method of 
estimating other substances by the use of iodine is termed iodornetry. 
Standard iodine solution may be used to estimate reducing agents like 
sulphurous and arsenious acids ; oxidising agents are made to liberate 
iodine from potassium iodide. 

The strength of an iodine solution may be determined by titration 
with standard sodium thiosulphate solution : 

1, + 2ms A - Na,S,0« + 2 NaI (i) 

2 X 127 sodjum 

tetrathionato 

but this substance is not a primary standard. It is accordingly necessary 
to begin by standardising the thiosulphate against potassium perman- 
ganate, potassium dichromate or potassium iodate. In all of these cases 
the process involves two steps : ( 1 ) the liberation of iodine from excess 
(acidified) potassium iodide by a known volume of standard perman- 
ganate, dichromate or iodate 

2KI 2HI 

2HI 4 - 0 = H^O + h (ii) 


and ( 2 ) the titration of this iodine against the thiosuljjhate solution 
(equation (i) above). 

Since 16 gm. of oxygen are, by equation (ii), equivalent to 2 X ‘i27 gm. 
of iodine, 1 litre of decinormal permanganate, dichromate, or iodate will 
liK'rate 12' 7 gm. of iodine. This, in turn, will require 1 litre of decinormal 
thiosulphate. The calculation of the normality of a solution of thio- 


sulphate is therefore straightforward. 


If 25 ml. permanganate are 


used and the iodine liberated requires 28 ml. of the thiosulphate the 
25 

strength of the latter is X N* 

Standard sodium thiosulphate solution is an essential accessory and 
is frequently employed to determine iodine liberated from potassium 
iodide by oxidising agents. 

Standardisation of a Solution of Sodium Thiosulphate. 

Approximately decinormal sodium thiosulphate is made by weighing 
out about 25 gm. of the salt, Na 2 S 208 - 5 H 20 , the equivalent of which is 
248*2 (equation (i) above) and making one litre of solution. The methods 
of standardising against potassium permanganate and against potassium 
iodate will be given. 

^Method 1. Using Potassium Permanganate. The complete aquation 
for the reaction with potassium iodide is 

lOKI + 2KMn04 + 8 H 2 SO 4 = GK^SO^ + 2MnS04 

-1- 5 Ij -f 8H3O 
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25 ml. of permanganate are placed in a beaker or beaker-flask, and 

the solution is ma3e acid with bench sulphuric acid. About a gram of 
potassium iodide is added and the mixture is stirred. The purple colour 
of the permanganate is replaced by the brown of ioJine dissolved in excess 
potassium iodide. The thiosulphate is then run in from a burette until 
the solution, which is kept stirred, becomes pale yellow. At this poix'A, 
and not before, one or two ml. of freshly made starch solution* is added 
and the titration is continued until the dark blue colour of the starch - 
iodine compound is just removed. 

The method of calculating the strength of the thiosulphate solution 
has been described. 

Method If . Using Potassium lodate. The equation for the liberation 
of iodine by this oxidising agent is : 

5KI + KIO 3 -f- 6HC1 = 3 I 2 + 6KC1 + 3E,0 

Potassium iodate has the advantage that, unlike potassium perman- 
ganate, it can be made up in solution as a primary standard. .It is obtain- 
able pure, and its equivalent is one-sixth of its formula weight. Using 
N . 

solution the procedure for standardising thiosulphate is the same as 
with permanganate. 

Standardisation of Iodine Solution with Sodium Thiosulphate. 

This process has in all essentials been described already. An approxi- 
mately decmormal solution of iodine is made by weighing out approxi- 
mately 3-2 gm. and making up 250 ml. of solution with the addition of 
about 4 gm. potassium iodide. The thiosulphate solution is placed in the 
burette. 25 ml. portions of the iodine solution are placed in a conical 
flask Sind thiosiilfhate run in until the iodine solution becomes pale yellow. 
A little starch solution is tlien added, and the titration continued until 
the blu(' colour of the starch -iodine compound is just removed. Except 
when doing a titration the conical flask is kept stoppered on account of 
the vajioiir pressure of iodine. 


EXERCISERS EMPLOYING TITRATION OF IODINE 

1. Estimation of Sulphur Dioxide in a Solution. Although sul- 
phurous acid is oxidised by iodine the direct titration is unsatisfactory, 


♦ Slarch .solution. A little of a thin paste of starch and water is poured into 200 ml. 
of boiling water. The solution should then bo only slightly opalescent. It is then 
'boiled for about two minutes The clear portion is decanted after the mixture has 
stood lor a few minutes. This indicator solution does not keep more than twenty- 
four hours, since it usually becomes infected with a mould which liberates a hydrolytic 
enzyme. 

To obtain consistent results the same volume of the same starch solution should 
be used throughout a senes of titrations. The same number of drops should be used. 
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since the hydrogen iodide formed may reduce some of the sulphurous acid 
to sulphur. The reaction : 


I, + H.SO, + H,0 = H,S04 + 2HI 

proceeds quite satisfactorily, however, if 25 ml. of the sulphurous acid are 
added to excess iodine solution. The excess may then be estimated by 
titration with standard thiosulphate. This must be done immediately, 
since hydriodic acid is oxidised by air. 

To prepare a saturated solution of sulphur dioxide a bottle of the liquid 
should be connected to a glass tube ending in a jet at the bottom of a tall 
measuring cylinder containing water (50 or 100 ml.). A slow stream of 
small bubbles is then passed for at least an hour. When the solution is 
saturated the bubbles show no diminution in size and are not absorbed. 

Such a solution is between 4 N and 5 N, and will require dilution to 

strength. The solution must not be left exposed to the air, since it 
oxidises. 


25 ml. of a solution of suitable strength are added to 50 ml. of — iodine. 

The unchanged iodine is then determined by titration with standard thio- 
sulphate in the ordinary way. It should be clear how the solubility at a 
given temperature can thus be determined. 

2. Determination of Arsenious Oxide in a Specimen^ Titration 
of Sodium Arsenite w^ith Iodine. Arsenious oxide is only very 
slightly soluble in water, but it dissolves readily in a solution of ’sodium 
carbonate forming sodium arsenite. 

t 

AsjOg + NagCOa = 2NaAs02 + COj 


About 5 gm. of the specimen are accurately weighed out and dissolved by 
heating in about 100 ml. of water containing 20 gm. of pure sodium car- 
bonate. Since iodine reacts with sodium carbonate it is necessary to 
neutralise the excess. A drop of phenolphthalein is added, and then 
hydrochloric acid is run in drop by drop until the colour of the indicator 
is discharged. The solution is then diluted to fill a litre graduated flask. 
Iodine solution oxidises sodium arsenite to sodium arsenate ; 


NaAsOa 4- I 2 -f HjO ^ NaAsOg + 2HI 

Since the change is reversible it is necessary to remove the hydriodic acid 
as it is formed. Sodium bicarbonate, present in excess, provides a suit- 
able buffer for this purpose. In performing a titration, therefore, 25 ml. 
of the sodium arsenite solution are mixed with two or three grams of sodium 
bicarbonate and the mixture well stirred before running in the iodine. 

In this estimation iodine solution is placed in the burette. Alittlg starch 
solution is added to the sodium arsenite solution before starting the titra- 
tion. One drop of iodine solution in excess produces a dark blue colour. 
From the normality of the arsenite the weight of arsenious oxide in 
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one litre of soluti by multiplying by the equivalent. From the 

relationships 

AsjOg ^ 2NaA802 ^ 2 I 2 

it will be evident that the equivalent of arsenioiis oxide is one-quarter 
of the molecular weight. 

3. lodometric estimation of Hydrogen Peroxide. A stronger 
solution of hydrogen peroxide than was used in the titration with potas- 
sium permanganate (p. 72) is needed in this experiment. The ordinary 
20- volume solution is diluted to ten times its volume. 

About 2 gm. of potassium iodide are dissolved in 200 ml. of water, and 
about 30 ml. of 50 per cent, sulphuric acid are added. This large excess of 
acid is important. With constant stirring 10 ml. of the hydrogen peroxide 
are then run in from a pipette. The solution is allowed to stand for five 
minutes in a stoppered flask. The liberated iodine is then titrated in the 
ordinary way with standard (decinormal) sodium thiosulphate solut ion. 
From the equation 

2HI -f- H2O2 = 2H2O -h I, 
and the relation I2 ^ 2Na2S203 

N 

it should be evident that 2 litres of thiosulphate correspond to 3-4 gm. 

N . 

hydrogen peroxide, x ml. of thiosulphate is thus equivalent to 
X gm. of hydrogen peroxide. The amount per litre (W gm.) is then 

2000 

— X gm. The calculation from W of the volume strength is given on 
20 

p. 73. 

4. Estimation of Copper in a Specimen of Copper Sulphate. 

Cupric salts react with potassium iodide to give a precipitate of cuprous 
iodide : 

2CuSO, -f 4KI = 2K2SO4 + 2CuI -f I, 

The presence of only a little free mineral acid does not affect the reaction, 
but it is desirable to neutralise the copper sulphate solution. In the 
presence of excess potassium iodide the change then takes place quanti- 
tatively. The copper sulphate solution should be about decinormal. 
From the equation one gram-equivalent of iodine is liberated by the 
formula weight m grams of the salt hydrate (249-7 gm.). 

About 6 gm. of the powdered crystalline sulphate are weighed out and 
250 ml. of solution made up. The solution is tested with litmus paper. 
If acid, each. 25 ml. portion is treated with ammonium hydroxide, added 
drop ^y drop, until a slight permanent precipitate appears. This is then 
dissolved up with a little 'Acetic acid. About 2 gm. of solid potassium 
iodide are then added, and the solution is stirred until this has dissolved. 
The solution goes dark brown with the liberated iodine. The titration 
M.P.C. ® 
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with decinormal sodium thiosulphate is then performed in the usual way, 
using starch indicator. 

Note. The reappearance of the blue colour of starch iodide after the 
titration is apparently complete is a common source of difficulty in this 
titration. This is attHbuted to the effects of adsorption of iodine on the 
precipitated cuprous iodide. The use of a large excess of potassium 
i(;dide overcomes this difficulty. Alternatively about 0-5 gm. of solid 
ammonium thiocyanate may be added towards the end of the titration. 
This seems to have the effect of liberating the adsorbed iodine and enabling 
the titration to be completed with a sharp end point. 

5. Estimation of Available Chlorine in Bleaching Powder. The 
chief constituents of bleaching powder are a basic chloride, 

Caa-Ca( 0 H) 2 -H ,0 

and calcium hypochlorite, Ca(C 10 ) 3 . When acidified the hypochlorite 
present liberates hypochlorous acid which breaks down : 

(i) Ca(ClO )2 + 2HC1 =- CaCla + 2 HC 10 
( 11 ) 2HC10 + 2HC1 - 2 H 2 O + 2 CI 3 

It is this chlorine which is “ available.” The freshly made product may 
contain about 36 per cent, of its weight of available chlorine. The amount 
is conveniently determined by allowing the chlorine to displace iodine 
from potassium iodide, a method which is applicable to any hypochlorite. 

About 5 gm. of the bleaching powder are accurately weighed out and 
rubbed to a thin paste with water in a large evaporating basin. The 
suspension is then transferred, with washings to a 500 ml. graiiuated 
flask and the volume made up with water. After mixing well, 50 ml. are 
taken in a pipette and transferred to a beaker-flask. 2 gm. of jiotassiurn 
iodide are added and then about 15 ml. of bench acetic acid. Acetic acid 
is preferred since sulphuric acid produces the sparingly soluble calcium 
sulphate, and hydrochloric acid, through being oxidised by any chlorate 
present, tends to cause high results. The titration of the iodine against 
standard sodium thiosulphate then follows the usual course. From the 
relationships : 

CI 3 = = 2Na3S303 

2 X 35 r> 2 X 127 

N . 

it will be clear that 1 litre of thiosulphate is equivalent to 3 ’55 gm. of 
chlorine. 

6. Estimation of Manganese Dioxide in a Specimen of Pyro- 
lusite. 

Method /. Manganese dioxide is sometimes estimated by boiling it 
with concentrated hydrochloric acid and absorbing the chlorine evolved 
in excess potassium iodide solution. The changes which talce place are : 
MnOj -f 4HC1 = MnCIj + Gla + 2 H 3 O 

87 

CI 3 + 2KI = 2KC1 + I 2 
2 X 127 


and 
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About 0*5 gm. of the specimen is weighed out into tfie flask shown in 
Fig. 11, and about 100 ml. of conceijtrated hydrochloric acid are added. 
Each of the absorption tubes (large (J-tubes) contains about 50 ml. of 
water and 3 gm. of potassium iodide. The apparatus is assembled, with 
waxed corks and a small piece of magnesite is adHed to the contents of 
the flask before heating is commenced. The slow stream of carbon dioxide 
reduces the danger of iodide solution being sucked back at the end of tjie 
distillation. Distillation is continued until only about one- third of the 
original volume remains in the flask. The absorption tubes are then 
washed out with a little potassium iodide solution and the solution and 
washings are made up to 250 ml. in a graduated flask. Of this 50 ml. 
portions are titrated against standard sodium thiosulphate in the usual 
way, using starch solution as indicator. 



Method 11. A procedure which has the merit of being simpler to 
carry out is to allow the powdered manganese dioxide to react with 
a mixture of hydrochloric acid and potassium iodide. 

MnOa + 4H+- d- iie - Mn < + + 2 H 2 O 

21" — 2e = la 

The latter change lakes jdace under much weaker oxidising conditions 
than those required for the oxidation of chloride ion. 

The experiment should be performed in duplicate. 0-2 gm. of the 
specimen of pyrolusite is accurately weighed out into a glass-stoppered 
flask of about 1 litre capacity. 2 gm. of potassium iodide are added, 
a,nd then abo;it 50 ml. of N hydrochloric acid. The flask is then closed and 
left tp stand in the dark for quarter of an hour. At the end of this time, 
provided no black particlej^of the oxide are visible, the solution is diluted 
to about 500 ml. and standard thiosulphate solution is run in. Starch 
indicator is added when the solution becomes a straw colour. 
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The quantitative relations are the same as those for Method I, but 
different equations are required to represent the process of oxidation in 
this case. As is well known, manganese dioxide does riot liberate chlorine 
frorrivjdilute hydrochloric acid in the cold. MujOs as well as MnOa may 
be present, and the result will not show the specimen to be 100 per cent. 
MnO,. If ferric oxide is present in the specimen a more accurate result 
foe? MnOj will be obtained if N phosphoric acid is used in place of hydro- 
chloric acid. 

7. The Reaction between Iodic and Hydriodic Acids. 

Potassium iodate is a chemical which can be obtained pure and can 
be made up in solution as a primary standard. By the reaction with 
excess potassium iodide in the presence of dilute acid : 

KIO3 + 5KI + 6HC1 = 6KC1 + SH^O -f 31 , 

214 6 X 127 

a standard solution of iodine can be obtained without any need of titra- 
tion. Unfortunately an acid solution (containing hydriodic acid) changes 
in strength in the air owing to oxidation — a fact which shguld always be 
remembered ivhen acid solutions containing iodine m 'potassium iodide are 
being used. It would have to be carefully neutralised if it were to be kept 
as a standard. The chief interest of the reaction is that it can be ap])lied 
to obtain an independent check on the strength of a solution of hydro- 
chloric or sulphuric acid — that is without the use of any dther ac.id or 
alkali. A second reaction takes place in the presence of more concen- 
trated acid (Experiment 2 below). . ^ 

Experiment 1. lodometric determination of hydrochloric or sulphuric 
acid'^in an approximately decinormal solution. 

N . . . 

— potassium iodate contains 3*566 gm. of the salt' per litre. The 

solution can be made by weighing out the required amount. 25-ml. 
portions are treated with excess potassium iodide (about 1 gm.) and 
25 ml. of the acid solution are run in from a jiipette. Iodine is liberated 
quantitatively in accordance with the above equation. Using starch 
indicator, the iodine is titrated with standard sodium thiosulphate. It 

N 

should be clear that 25 ml. of acid will liberate enough lodme to react 
N 

with 25 ml. of thiosulphate. 

Experiment 2. Estimation of iodide ion concentration. 

When a high concentration of hydrochloric acid is present and the 
potassium iodate is added in excess the iodine liberated ir\the reaction 
becomes converted to iodine monochloride : 

21, -f KIO3 -f 6HCI = KCl I- 5IC1 i- 3E,0 
Two molecules of iodine react in the formation of five molecules of iodine 
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monochloride, the additional iodine coming from the iodate. To some 
extent the iodine monochloride is hydrolysed ; 

5IC1 + ail^O ^ 21, + HIO3 4- 5HC1 

but this is much reduced by the presence of a*high concentration of 
hydrogen 10ns. In these conditions the reaction between iodate and 
iodide can be a])plied to estimate iodide ion. 

N 

10 ml. of an iodide solution of about strength are placed in a glass- 

stoppered bottle of about 250 ml. capacity. 50 ml. of concentrated 
hydrochloric acid are added and then about 20 ml. of chloroform.* (The 
iodine present is largely taken up by the chloroform layer and the colour 

. N . 

is readily perceptible.) On running in potassium iodate solution with 

frequent shaking, the chloroform layer first becomes red with liberated 
iodine and then, with more iodate, goes (colourless. The point at which 
it becomes colourless is not sharply defined. The mean of at least three 
experiments should therefore be found. 

By writing the change in one equation : 

KIO3 4- 2KI -f 6HCI - 3KC1 -f 3101 f 3H2O 

it becomes evident that 1 litre of M potassium iodate reacts with 2 litres 

M 

of N potassium iodide. N potassium iodate is in molarity. Hence 

N . . N . 

10 ml# of potassium iodide require 30 ml. of iodate m this titration. 

The normality is therefore easily calculated. 


Other Oxidation -Reduction Titrations 

Standardisation of a Solution of Sodium Arsenite with Potassium 
Bromate. 

Potassium bromate of A.R. standard is readily obtainable and deci- 
normal solution may therefore be made up by weighing out the required 
amount. With sodium arsenite m the jire.senee of excess hydrochloric 
acid the bromate reacts according to the eipiatioii : 

SIIAsO, f KBrO., - SHAsO, -f KBr 

• 107 

As soon as any excess bromate is added it reacts with the bromide to 
liberate bromine ; 

KBrOa j- 5KBr 1- (IHCI ^ 6KC1 -f 3Br2 + 3H,0 
The bromine bleaches the methyl orange or methyl red added as an 
indicatoi. Th(‘ disappearance of the red colour therefore marks the 
end f)i)int. 

* Uho( 1 chloroform should not be poured away. Using a separating funnel the 
chloroform hiycr may be quickly run off and poured into a bottle for chloroform 
residues This may be distilled when a fpiantity has accumulated. 
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The equivalent of potassium bromate is one-sixth of the formula 
weight, viz. 27*82. 2*782 gm. are ^therefore needed to make 1 litre of 
decinormal solution. The salt is accurately weighed out and the solution 
madd up in the usual way. The normality factor is calculated from the 
weight actually used. ' In doing a titration 25 ml. of a sodium arsenite 
solution, made up as described on p. 80, are strongly acidified by addition 
ofd concentrated hydrochloric acid and then a few drops of methyl orange 
are added. The bromate is run until the red colour just disappears. 

This is a very good method of standardising arsenite solutions. The 
arsenite may be used to estimate the available chlorine in bleaching 
powder as described in the following exercise. 

Estimation of Available Chlorine in Bleaching Powder by means 
of Sodium Arsenite Solution. 

Sodium arsenite solution, standardised against potassium bromate 
(p. 85), or against iodine (p. 80) may be used to estimate hypochlorites : 

NaClO NaAsOa = NnCl -|- NaAsOg 
Ca(C10)2 + 2NaAH02 = CaClg + 2NaA803 

The end point of the titration is reached when a drop of the solution 
fails to produce a blue colour in starch iodide paper. This paper is pre- 
pared by soaking strips of filter ])aper in starch solution to which a little 
potassium iodide has been addial. The test papers may be dried m the 
steam oven. 

A suspension of bleaching powder is prepared as described on p. 82. 
50 ml. of this are placed in a beaker-flask and standard sodium arsenite 
solution is run in from a burette. A drop of the mixture m the beaker- 
flask is tested on starch iodide fiaper at intervals until the end point is 
reached. Three results agreeing to within 0*1 ml. should be obtained. 


Additional Exercises 


t. Standardisation of Iodine against Sodium Arsenite. As an 

alternative to tlie procedure described on }). 79 a solution of iodine may be 
standardised by using ])ure resubhmed arsenious oxide as a primary 
standard. The procedure for making up and using sodium arsenite is 
described on p. 80. This method of standardisation is in many ways 
to be preferred to the use of thiosulphate. 

2. Determination of Manganese Dioxide by oxidation of Oxalic 
Acid. About 0-4 gm. of the finely powdered oxide is heated with 50 ml. 
N . . 

— oxalic acid and 20 mi. bench sulphuric acid on the water bath until no 
5 

black particles are visible. 

Mn02 + H2SO, + H2C2O4 - MnSO, + 2CO2 -j- 2H2O 


The solution is then diluted with about 200 ml. of hot water and titrated 
while hot with decinormal potassium permanganate. In this way the 
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excess oxalic acid is estimated and the amount of dioxide in the specimen 
can be calculated. The experiment should be performed in duplicate. 

3. Determlnafion of Hydroxylamlne in a Solution by titration 
with standard Titanous Sulphate. Titanous sulphate reduces hydrcicyla- 
mine quantitatively to ammonia. In acid solution the change is then 
as shown : 


2Ti,(SOJa + 2NHaOH + - (NHJ.SO^ + 2HjO + 4Ti(S04)a* 

25 ml. portions of the given solution of hydroxylamine sulphate (5 or 6 gm. 
per litre) or hydroxylamine hydrochloride (3 or 4 gm. per litre) are titrated 
direct against decinormal titanous sulphate solution. The latter should 
have been recently standardised. The indicator is methylene blue, the 
colour of which is just discharged at the end point. More accurate results 
are obtained if the titration is carried out after warming the hydroxylamine 
sulphate solution to 30° or 40° C. 

4. The reaction between Sodium Thiosulphate and Bromine 
Water. This reaction is said to follow the course indicated by the 
equation : 

NaaSgOg 4 Br 2 + bHgO — Na 2 S 04 -f- H 2 SO 4 -f 8 HBr 


This may be verified by a simple experiment. In addition to ordinary 
bromine water (made by shaking some distilled water with a little bromine 
M . M 

in excess), sodium thiosulphate and ^ potassium iodide solutions are 

reijuii^d. Starch solution and some starch iodide paper arc needed as 
indicators. 

It is first necessary to find the molarity of the bromine solution. 25 ml. 

M ... * 

of this are run from a burette into 50 ml. of the potassium iodide solu- 
tion. The lodiife liberated is then titrated with standard thiosulphate 
solution, using starch solution as indicator. 

50 ml. of the bromine solution are then run into a conical flask from 
a burette. Standard thiosulphate is then run m very slowly with fre- 
quent shaking. A precipitate of sulphur forms transiently owing to the 
reaction 


NaoSgOg 4- Brg -f R,0 = Ra.SO, + ‘2HBr -f S 
but this disapjiears towing to further oxidation to sulphuric acid. When 
the colour of the bromine is almost gone the titration is continued with 
the use of starch iodide paper as external indicator. The blue colour 
indicates the presence of bromine. It will be seen that from the equation 

M . 

for the complete reaction, 50 ml. of “ bromine solution will react with 


M . 

12-5 ml. of thiosulphate solution. Chlorine water reacts in an exactly 
lb • 

similar way, oxidising the thiosulphate to sulphate. 
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The discussion of solubility product given in the Introduction (p. 8) 
is not satisfactory, since it is now certain that practically all salts are 
iofhsed in the solid state and are comjdetely dissociated in solution. A 
treatment which is more in accordance with modern ideas has been sug- 
gested by Butler (1924). This treatment does not postulate the existence 
of molecules of salts but only their ions. 

A crystal of an ionised solid is a lattice of ions and the surface of such 
a solid is a regular mozaic of -[" and — ions. Whatever tlie meclianism by 
which an ion is detached from the crystal lattice, tlie rate of leaving the 
surface must be proportional to the number of that kind of ion f)er unit 
area at that instant. In the second jilace, the rate at which one kind of 
ion is deposited from solution must be proportional to (a) the concentra- 
tion of that kind of ion in solution, and (b) the number of plac(\s at which 
these ions can be accommodated so as to continue the crystal lattice. 
Removal of a -f ion from the surface layer of a lattice of the type shown 
will expose the — ion 

4 -+- + - + - + - +- _ _+ 

- + -'^ - + - + -+ 

surfaco complete surface incomplt'te 

underneath, and vice versa. At equilibrium (in contact with a solution 
saturated with respect to both kinds of ion) the rates of solution and 
deposition will be equal for both kinds of ion, so that equal numbers 
leave and arrive in each case. 

If there are Nx -f ve ions and N(1 — x) — ve ions jier unit area at 
equilibrium the rates of solution for the two types will be given by 

-fve ions : 

— ve ions : — x) 

On the other hand the rates of deposition will be given by 

4-ve ions : ^; 3 N(I — 3:)[B+] 

— ve ions : ^ 4 Nj[A~] 


where [B'^] and [A ] are the concentrations in gram-ions per litre of the 
two ions at equilibrium. For equilibrium in the two processes for each ion : 

ki^x — k^^il — a^)[B+] 

A:2N(1 - x ) = A:4N4A-] 


whence 


[B+][A-] = 


A; 2 N (1 x) 

^ 3 N(I— x)’ ^ ^ 4 Nx 


= constant 


(S). 
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Applying this to siller chloride solution in contact with the solid : 
[Ag+][C1-] = S 

where S is the solubility product. The value of S at 18° is found to be 
1*1 X 10~^®. This means that in the presence of a^slight excess of cfioride 
ion all the silver ion in a solution will be precipitated with the exception 
of the amount required to maintain the solubility product at this (extremely 
small) value. Alternatively a slight excess of silver ion may be adrfed, 
and the chloride ion concentration will then be reduced to a similar low 
value given by 



It is clearly impossible to precipitate all the chloride ion and the form of 
the graph obtained by plotting [Cl“] against [Ag+] is of hyperbolic form 
(Fig. 12). In practice a very moderate excess of silver ion will suffice to 



reduce the chloridi' ion concentration to a negligibly small value. A large 
excess of silver ion is undesirable since there is always a tendency for ions 
to be adsorbed on the surface of a precipitate. This leads to errors 
whether the precipitate is weighed or whether the excess silver ion is 
afterwards determined by titration. This precaution is observed as a 
general rule in jirecipitation processes , there is the further danger that 
m some cases a lai«ge excess of reagent will lead to secondary reactions 
with the ])reci})itate, e.g. in the formation of complex ions. 

We come now to tlie problem of how to determine the end-point (or 
e([ui valence point,) of a titration wdiich is accompanied by the formation 
of a ]jrecipitatc. In the absence of a good method there will be no alter- 
native to a gravimetric method : the precipitate when formed under 
o'ptimum conditions must be filtered off, washed, dried and weighed. 
WheiT possible, however, n^ch time may be saved by using a volumetric 
method in which a definite end point or equivalence point is given. These 
are obtained in one of two ways (excluding conductometric methods) ; 
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I 

(t) Coloured salt formation : an ion is introduced into the reaction 
mixture which will form a coloured, product after the main reaction is 
over. Thus potassium chromate is sometimes used as an indicator in the 
titration of silver nitrate against chloride in neutral solution (Mohr’s 
method, p. 91). As soon as a slight excess of silver ion is present some 

red silver chromate is formed. The solubility products are : 

- [Ag+] [C1-] - M X 10-10 (i) 

[Ag+]2 [CrOr~] = 2 X 10-155 

whence [Ag**"] [Cr 04--]1 = 1*414 x 10“* (ii) 

The values given in (i) and (ii) are the ones to compare. It will be clear 

that so long as there is any appreciable concentration of 01“ ion it will 
appropriate the silver ions to such an extent that the solubility product 
of silver chromate is not reached.* With the usual amount of chromate 
ion present the red colour of silver chromate is not seen until the chloride 
is practically entirely removed. 

{ii) Adsorption indicators. An important contribution to analytical 
methods has been made by the discovery by Fajans, Kolthoff and others 
that certain dyes can be used as adsorption indicators. Precipitates such 
as the silver halides are at least partly in a colloidal state when they are 
first formed. The ions of certain dyes are adsorbed on the surface of 
these colloidal particles. The interesting point about this is that in 
general the anions of dyes are more strongly adsorbed on thf precipitate 
in the jiresence of a slight excess of the positive ion (cation) present in the 
precipitate. When fluorescein, for example, is present during a titnation 
of potassium chloride against silver nitrate (the latter being in the burette), 
up to the equivalence point the solution has the ordinary greenish-yellow 
fluorescence. Immediately an excess of silver ions is present tlie pre- 
cipitate becomes a bright pink in colour. This is because fluorescein 
anions have become strongly adsorbed on the silver chloride. 

Fluorescein may be used in the form of its sodium salt (soluble in 
water) or dissolved in alcohol. In either case, when a little of the solution 
is added to the titration mixture, there are sulficient of the anions present. 
Practical details are given later. 

There are certain basic dyes which are strongly adsorbed in the presence 
of an excess of tjie negative ion. In this case it is the cations of the dye 
which are adsorbed. The figure represents the two diTereiit cases : 

(a) the surface of a colloidal particle which is ])ositively charged and 
, (6) the surface of a colloidal particle which is negatively charged. 


♦ The point may be made clearer by notmg that the first formation of silver 
chromate will occur at a point when the siK’^er ion concentration is such that there 
is equilibrium with both precipitates. Otherwise the more soluble silver salt will 
be used up to form more of the less soluble one. 


[Ag^]= 




'2 X 10-12 

[CrO,--] 
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The lower layers of ions represent the interior of the crystal ; the charges 
marked with a circle represent the iops of the dye adsorbed on the surface. 

© © © © © © 
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(a) (b) 

The exercises selected for this book are limited to the use of silver 
nitrate. The principles of precipitation processes can be learnt very 
conveniently in the use of this reagent. 

Preparation of Standard Silver Nitrate Solution. 

Silver nitrate of A.R. standard (or recrystallised from dilute nitric 
acid, washed and dried) may be weighed out as a primary standard. 
The equivalent of the salt is 169*88. 8*494 gm. are therefore needed to 
make 500 ml. of decinormal solution. 

The pure silver nitrate should be dried in an air oven for at least an 
hour and then kept in a desiccator. About 8*5 gm. are then accurately 
weighed out from a weighing bottle into a clean beaker. Distilled water 
IS added, and the solution, total volume 500 ml., is made up in the usual 
way. It is ^^dvisable to test the distill(*d water for chloride beforehand. 
The normality may be calculated from the. weight of silver nitrate used. 
Titration of Silver Nitrate with Sodium Halide.* 

Silver nitrate solution is sonudimes made up to be only approximately 
decinormal. It can then be standardis(‘d against a .standard solution of 
sodium chloride since the latter salt can be obtained in great purity and 
used as a jirimary standard. For 1 litre of decinormal sodium chloride 
5*85 gm. are needed. Alternatively the same procedure is followed to 
standardise chloride solution when standard silver nitrate is available. 

It is assumed here, that it is the. chloride solution which is of unknown 
strength. If the solution is neutral either Mohr’s method or Fajans’s 
method may be used. For acid solutions Volliard’s method must be used 
for reasons given below. 

Method /. Mokr's method. 

Potassium chromate is used as an indicator. The theory of the titra- 
tion has been indicated on p. 90. 

25 ml. of the neutral and approximately decinormal chloride are. taken 
in a pipette, and placed in a conical flask or beaker-flask. About 1 ml. of 
5 per cent, potassium chromate solution is added and then standard silver 
nitrate is run in from the burette. A white preeijntate is formed, accom- 
panicTi in the later stages j)y a transient red coloration. The end point 

♦ The methods described here can, of course, bo applied under the appropriate 
conditions to the titration of any chloride in solution. 
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is marked by the appearance of a permanent reddish-brown coloration, 
due to silver chromate. One approximate and three accurate titrations 
should be carried out. A little practice is required to judge the end 
point; The waste mixture in the titration vessel should be poured into 
a bottle for silver residues. 

AgNOa -f NaCl = NaNOs + AgCl 

The normality of the chloride solution is calculated from the result. 

Note. 

(i) Mohr’s method can be used to estimate bromides, but not iodides 
in neutral solution. 

(ii) After taking 25 ml. of the chloride solution it may be made neutral 
if it is cither acid or alkaline. Acid solutions are treated with a little 
calcium carbonate (slight excess) , alkaline solutions are neutralised with 
dilute nitric acid, using litmus jiaper. 

(iii) Potassium dichromate cannot be used in jilace of potassium 
chromate because silver dichromate is much more soluble than the 
chromate, and too large an excess of silver ion is therefore required. 


Method 11. Fa jam's method. 

The adsorption indicator which is used here is made by dissolving 
0‘2 gm. of fluorescein m 100 ml. of ahuihol. Alternatively 0r2 grn. of the 
sodium salt of fluorescein is dissolved in 100 ml. of water. Other indicators 
are also in general use. The theory of the method has been indreated 
on p. 90. 

2f5 ml. of the approximately deciiiormal chloride solution are [daced in 
a bottle of about 150 ml. capacity fitted with a ground glass stopper. 
Six drops only of the indicator are added, and then standard silver nitrate 
is run in from the burette, the botth* being shaken vigorously at intervals. 
Before the end point is reached the mixture is yellow, and (‘ach addition 
of silver nitrate produces a local reddish-violet coloration. Just bid'ore 
the end point the precipitate coagulates and at the end point becomes 
itself a reddish-violet colour. 

Note. 

(i) If bromide or iodide is estimated instead of chloride, eosin (tetra- 
brom-fluorescein) solution should be used as mdicatoV (it is made up in 
the same way) and the end point is similar. Eosin is not suitable for 
chlorides, however, since it is found to be adsorbed and thus colours the 
precipitate before the end point is reached. 

(ii) Fajans’s method requires cold neutral solutions. Calcium, barium 
and strontium salts, and other multivalent cations should npt be present, 
since these exert a powerful coagulating effect on tlu' silver halide sol. 

(iii) Practice in noting the end point with these indicators may use- 
fully be obtained by first using solutions previously titrated by Mohr’s 
method or Volhard’s method. 
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Method III. Volhard’s method. 

In acid conditions potassium chr®mate cannot be used as an indicator 
for silver nitrate titrations because silver chromate is soluble in acid. 
The accuracy of Mohr’s method in any case is not very high and, 'more- 
over, it is not a good method for estimating iodides. Volhard’s method 
calls for the use of a second reagent : potassium or ammonium thio- 
cyanate, which reacts with silver nitrate, as shown : * 

AgNOa d- NII4CNS - AgCNS -f NH4NO, 

76 

The method consists, then, of treating a measured volume of the halide 
solution with a known volume of standard silver -nitrate which is some- 
what in excess of that required to react with the halide. The titration 
of the excess silver nitrate is then performed, using standard ammonium 
thiocyanate and a little ferric salt as an indicator. The behaviour of the 
indicator is reversible : 

6NH4CNS + ^ 2Fe(CNS)3 + 

Consequently a transient red colour is seen during the titration, and at 
the end, point the red colour of ferric thiocyanate becomes permanent. 
An important note on this end point is given below (p. 94). 

Standardisation of Ammonium Thiocyanate. About 7*5 gm. of 
ammonium thiocyanate (or 10 gm. of the potassium salt) are weighed 
out and dissolved in water to mak(‘, 1 litre of solution. Both of these salts 
being deliqiJbscent, they are unsuitable as jirmiary standards. The 
solution is therefore standardised against standard silver nitrate. 25 ml. 
of th(^ latter are placed in a beaker-flask and 1 or 2 ml. of saturated iron 
alum solution (acidifled with nitric acid) added. The same quantity of 
indicator solution should be used in each titration to obtain consistent 
results. On running the thiocyanate solution in from the burette a white 
})reci})itate of silver thiocyanate is formed, and at the end point the red 
colour of ferric thiocyanate becomes permanent. The normality of the 
thiocyanate is then calculated. 

Procedure for determining halide. 25 ml. of the halide solution (approxi- 
N\ 

mat(4y j are placed in a beaker-flask and treated with 50 ml. of standard 

(decinormal) silver nitrate. 1 or 2 ml. of the iron alum indicator is then 
added and, with frequent stirring, standard ammonium (or potassium) 
thiocyanate is run in from the burette. The end jioint is marked by 
the ap])earance of a permanent red coloration. As noted above, the 
same quantity of indicator should be used in successive titrations. 

Supposing that the silver nitrate is 0-09 N and in the titration x ml. 
of 0‘1 N NH4CNS are used, the normality of the halide is found as follows : 

■ ■ X ml. O’l N j ml. of 0-09 N AgNO, 

25 ml. of halide = ^50 — ml. of 0-09 N AgNO, 

from which the normality is obtained. 
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Note on the End-point of this Titration. A more accurate result may- 
be obtained, when estimating chloride, by filtering the solution before 
doing the titration with thiocyanate. The precipitate of silver chloride 
must 'be thoroughly washed with water on the filter and the filtrate and 
washings are then titrated with standard thiocyanate, using iron alum 
indicator. 

' When estimating bromide or iodide the titration can be done in the 
presence of the precipitated silver halide, and there is no need to filter. 
The reason for this lies in the solubility products of the respective silver 
salts ; 

[Ag+][C1-] L2 X 10-10 

[Ag+] [CNS-] 1-0 X 10-12 

[Ag+] [Br-] 3*5 X lO"!® 

[Ag+] [I-] 1-0 X 10-18 

Owing to its lower solubility silver thiocyanate is formed when silver 
chloride is in contact with thiocyanate ions : 

3AgCl -I- Fe(CNS )3 - 3AgCNS + FeCL 

This means that there is a tendency for the red colour of ferric thiocyanate 
not to develop until there is a considerable excess of ammonium thio- 
cyanate })resent. This difficulty docs not arise in the case of the other 
silver halides. ^ 

Determination of Iodide. The precipitation of silver iodide is nearly 
always attended by the “ carrying down ” of either the iodide or of.^ilvor 
nitrate. This means that the precipitate is contaminated with one or 
other of these substances. This source of error is minimised by using 
dilute solutions and by shaking vigorously in a stoppered bottle after the 
addition of each 2 or 3 ml. of silver nitrate. 

Determination of Cyanide in a Solution by Titration with Standard 
Silver Nitrate. 

When silver nitrate solution is added to a solution of a cyanide the 
silver cyanide formed is not precipitated so long as excess of cyanide is 
present. This is because the reaction 

AgNOg + KCN = AgCN -f KNO3 (1) 

66 

is followed by the formation of the soluble potassium argentocyanide : 

AgCN -f KCN - K[Ag(CN)3] (ii) 

Adding (i) and (ii) we obtain : 

2 KCN + AgNOa - K[Ag(CN)3] + KNO3 (iii) 

When more silver nitrate is run in a point is reached when the complex 
salt reacts according to the equation : ^ 

K[Ag(CN) 3 ] -f AgN03 = 2AgCN + KNO3 (iv) 

The point at which this change begins to occur is marked by the first 
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appearance of turbiiity. This accordingly marks the end of the change 
shown in equation (iii). The solul^lity product of AgCN is 2 X 

Procedure. An ordinary pipette is never used to measure out portions 
of the approximately decinormal cyanide solution. This is becaase of 
its excessively poisonous nature and because of the vapour of hydro- 
cyanic acid present owing to hydrolysis. In place of a pipette a second 
burette may conveniently be used. 25 ml. are measured out from IpIus 
and immediately titrated with standard silver nitrate to the point of 
appearance of a faint permanent turbidity. The volume of silver nitrate 
used will be seen from equation (m) to be exactly half that required for 
complete double decomposition according to equation (i). If, therefore, 
X ml. of decinormal silver nitrate are used in the titration, 2 x ml. are 
required for equivalence according to equation (i), and it is on this basis 
that the normality must be calculated. 


Additional Exercises 

1. The Determination of the Equivalent of a metal ^Iven a 
soluble chloride (or other halide). The equivalent of a metal com- 
bines with 35*5 parts by weight of chlorine. Provided the halide is anhy- 
drous or, as in the case of barium chloride, can be ignited carefully without 
hydrolysis so that the percentage of water of crystallisation is known, 
the equivalent of a metal can be found by titration. It is simply necessary 
to make up a solution containing a known weight of the salt or its hydrate 
in onfe litre and then titrate this with standard silver nitrate, preferably 
by Fajans’s or Volhard's method. If there is any tendency towards 
hydrolysis in aqueous solution a little nitric acid (free from halide) may be 
added, provided Volhard’s procedure is then followed. 

The calculation follows simply from the determination of the nor- 
mality of the solution with respect to halogen ion. An x Normal solution 
of chloride ion will, of course, be x Normal with respect to th(5 metal. 

2. The Determination of two halides present in a solution. If 
the solution contains a known weight of the mixed salts per litre and the 
identity of the salts is not m doubt, the composition of the mixture is 
determined by a simple titration against standard silver nitrate. A 
mixture of sodium and potassium chlorides may be considered in illus- 
tration. If the weight of solid is m gm. jjcr litre and the solution proves 

N . * 

to be y X ^ with respect to chloride ion we may put the concentration 

of one of the chlorides equal to x gm. per litre and the other to w — x gm. 
per litre. From the equations : 

NaCl -I- AgNOa - AgCl + NaNOa 

58 5 

KCl +*AgN03 = AgCl + KNO, 

74-6 

it is clear that 5-85 gm. of sodium chloride require one litre of decinormal 
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silver nitrate, and 7-45 gm. of potassium chloride likewise require one 

. X . 

litre. It follows that x gm. of sodium chloride require litres of deci- 
normul silver nitrate and (m x) gm. of potassium chloride require 

litres of decinormal silver nitrate. But, from actual titration 
7-45 

1 ‘litre of the halide requires y litres of decinormal silver nitrate. We 
have then : 


X 

5 ^ 


m — X 

‘ 7-i5~ "" ^ 


and both m amd y are known. 

This method can obviously be applied to the determination of mixtures 
of two halides of the same metal as, for example, potassium chloride and 
bromide. Its accuracy depends, however, on the amount of the differ- 
ence between the equivalents of the two salts and the results are not good 
when this difference is small. 


3. Estimation of chloride and acid in a solution containing both. 


The solution should be approximately decinormal with respect to both 
chloride and hydrogen ion (e.g. HCl and NaCl). The presence of chloride 
ion does not hinder the titration of the acid present against standard 


alkali. 25 ml. of the solution are titrated with standard 



caustic soda, 


using methyl red or litmus indicator. 

The determination of chloride ion must be carried out by Volnard’s 
method (p. 93). 25 ml. of the solution are treated with 50 ml. of deci- 
nomial silver nitrate. The excess silver nitrate is then titrated against 
standard ammonium thiocyanate (iron alum solution indicator). 

4 . Estimation of chloride and alkali in a solution containing 
both. The solution should be approximately decinormal with respect 
to both chloride and hydroxyl ion (e.g. NaOH and NaCl). The simplest 
procedure is to neutralise the alkali with standard hydrochloric acid and 
then titrate the total chloride ion in the resulting neutral solution against 
standard silver nitrate (Mohr’s method). 

25 ml. of the solution are first neutralised, using decinormal hydro- 
chloric acid using phenolphthalein indicator. When the colour of the 
indicator is just discharged decinormal silver nitrate is run in from a 
burette. Potassium chromate solution is used as indicator. 


N . N . 

If j ml. of hydrochloric acid are used, and y ml. of silver nitrate, 


it follows that {y — x) ml. of the silver nitrate have been used m reacting 
with the chloride ion originally present m 25 ml. of the mixed solution. 
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(iravimetric ana^lysis coriHists of isolating and weighing an element or 
a definite eoin})Ound obtained from a substance and from the weight 
mfeiring the composition of the substance analysed. Just as in vSlu- 
metric analysis, each analysis gives information concerning the amount 
of one particular constituent. Complete analysis of a substance usually 
entails a senes of analyses unless the substance is relatively simple and 
comparatively pure. The exercises given here are limited to the deter- 
mination of one or two metals and acid radicals — enough merely to 
introduce the student to the fundamental principles. 

Precipitation. 

When we desire to estimate an element or compound by weighing it 
as a solid precipitate, it is clearly essential to ensure complete precipitation 
and, what is just as imjiortant, to obtain the precipitate in the form of 
a compound of definite composition which can be either ignited or dried 
to constant weight. 

To secure the first of these desiderata we must consult tables of solu- 
bility products and limit ourselves to substances which have extremely 
low solubilities at room tcm[)erature. Moreover, precipitation must be 
carried out under conditions which, so far as' possible, minimise loss due 
even^to the low solubility. It is an interesting point that, in spite of the 
greater solubility at higher temperatures, it is usually preferable to carry 
out a jirecipitation at or near the boiling jioint of a solution and then to 
allow the mixture to cool after a period of boiling. Careful investigation 
has shown that calcium, barium and strontium sulphates, for example, 
are much more 'soluble when in a finely divided condition. Thus, Hulett 
showed that saturated gypsum solution at 25° C. contained 2’080 gm. 
])er litre. On shaking the solution with very finely divided gypsum the 
solubility was increased to 2-542 gm. per litre. Similar results have been 
recorded for many other sparingly soluble substances, but it cannot be 
said that, the phenomenon is as yet very well explained. The facts are 
that many jirecipitates, when first formed, are partly colloidal and con- 
sequently arc inor^^ soluble and filter badly. On boiling the smaller 
])articles cohere and form larger ones, which are less soluble and much 
more easily sefiarated by filtration. 

Besides the formation of colloidal or finely divided precijiitates the 
other bugbear of gravimetric work is the “ carrying down ” of other sub- 
stances along with the required precipitate. Kolthoff has shown that 
more than otie cause may account for this trouble. The tendency has 
been •to use the terms adsojption and occlusion rather loosely in this con- 
nexion. Occlusion should refer to the retention of “ impurities ” — includ- 
ing water — inside the crystalline particles. Ordinary surface adsorption 
accounts for the retention of substances on the precipitate after it has 
M.r.c. 97 H 



gg quantitative analysis 

IIieTe arc, besides, effecte due to the formation of solid 
cystshl Mi cmyMui b.t fc. „ 


more rnie. , r i- j. 

It fnay he objected that such sources of error are not of great moment 
in discuKsing cxercKstvs suitable for the beginner. It is,, however, necessary 
from tlie beginning to appreciate the need of carefully regulated con- 
ditfons for the formation of precipitates. The conditions of concentra- 
tion, hydrogen ion concentration and temperature must be properly 
controlled and the directions given below exactly followed. 

Filtration. 

A precipitate which is suitable for separation will, in most cases, form 
a fairly comjiact deposit at the bottom of the beaker. Filtration is then 
carried out expeditiously by first decanting the supernatant solution into 



Fig. 13. 



the filter. When most of this solution has run through the filter the 
precipitate can be transferred with as few operations as possibhj. The 
last traces must be washed from the sides of the beaker with the jet from 
the wash bottle. A “ policeman ” is useful for loosening the last traces 
of solid from the glass so that it can be washed into the filter. Washing 
on the filter is usually done to the point when the filtrate gives no reaction 
to a suitable test for ions. 

A precipitate is filtered off for weighing on either “ ashless ” filter 
paper or on some kind of Gooch crucible. There are several grades of 
“ ashless ” filter paper, which differ in the coarseness of the filtering 
medium. A finer paper is required for barium sulphate th,^n for ferric 
hydroxide, for example. On each packet the manufacturer give^ the 
(average) weight of ash left on burning one prfper. Papers carrying pre- 
cipitates are always first dried in the oven and then carefully burnt over 
a tared crucible. Filtration on paper is accordingly not desirable if the 
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recipitate is readilj- reduced by contact with hot carbon. To bum the 
piper it may be folded carefully, sq that no solid can be lost, and held in 
the tongs over th^ crucible until about half is burnt away. The remainder 
will go into the crucible without projecting over the edge. • 

In selecting a paper of suitable diameter it m\ist be remembered that 
on no account must the folded paper project beyond the edge of the 
funnel. Also the paper is not filled completely ; a clean strip afeout 
2 cm. wide should be seen after the filtration is completed. 

A Gooch crucible, fitted with an adaptor in the neck of a filter flask, 
is shown in Fig. 14. Two types are in common use : (a) a crucible with 
a perforated bottom, requiring a mat of pulped asbestos as the filter 
medium, and (6) a Jena glass crucible with a bottom of sintered glass of 
a selected grade of porosity. The former are made of porcelain and can 
be heated strongly ; the latter are not suited to the igmtion of a pre- 
cipitate, and are used only when the precipitate is to be dried in the oven 
to constant weight.* 

In the ])reparation of the first type of Gooch crucible some asbestos 
fibre which has been freed from all soluble matter is stirred with distilled 
water and poured into tlie crucible without applying suction. When 
a mat has formed at the bottom about 100 ml. of distilled water are passed 
through with gentle suctjon from the filter ])um}). A thin compact mat 
about 2 or 3 mm. thick is required. The crucible is finally dried to con- 
stant weigM in an oven at the temperature which will be required for the 
preci})itate. It must be allowed to cool in a desiccator before weighing. 

Wintered glass crucibles cannot be heated above about 500° C. Apart 
from this limitation they are very useful, since no })reparation is necessary 
beyond drying in the oven. They may be cleaned by immersion in strong 
nitric acid, or chromic acid or any other suitable reagent having regard 
to the nature of the residue m the crucible. They are then washed with 
distilled water and dried to constant weight. 

Using the first tyfie of Gooch crucible it is important to filter only with 
suction applied, and to disconnect the suction before turning off the water 
taj). Neglect of this precaution may cause the filtered solid and the 
asbestos mat to become detached from the crucible bottom, and may 
cause a break in tlie filter medium. 

Determination of Sulphate Radical in a soluble Sulphate .■{* 

Barium sulphate has a solubility product of at room tempera- 

ture. This is a solubility of about 0*(XX)2 gm. in 100 ml. of water. The 
solubility is of the same order as that of silver chloride. The substance* 
is therefore a suitable one for gravimetric estimation of either barium or 
sulphate, provided that it is precipitated under carefully regulated con- 
ditions. A Jittle hydrochloric acid should be present to prevent precipi- 
tating of sulphite or carbonate, but in Normal hydrochloric acid the 

t 

* A recent development, however, is the VUreosil filtering and ignition crucible 
which can be heated to 1000° C. 

t Alternatively of Barium in a soluble salt. 
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solubility of barium sulphate is three times as great at in water, so a large 
excess of acid must be avoided. Tije “ carrying down ” of other sub- 
stances by barium sulphate is marked, so the precipitation is done by slow 
addition of the barium salt solution to the boiling sulphate solution. 

Since it is desii-able t6 have about 0*5 to 1-0 gm. of precijiitate to weigh 
at the end, the weight of sulphate or of barium salt to be used should be 
caloulated. In the examples : 

Bad, 4- Na2S04 = BaSO^ -f- 2NaCl 
BaCL -i- CUSO4 - BaS04 + CuCl^ 

Ba(N03)2 4 - H2SO4 - BaS04 -f 2HNO3 

convenient weights would be : Na2S04*10H20 0*7 gm. ; CuS04-5H20 
0-5 gm. ; Ba(N03)2 0*5 gm. 

Assuming that sulphate is to be determined the requisite amount is 
weighed out twice, and the two samples are dissolved separately in about 
150 ml. of water in beakers of about 350 ml. capacity. Tlie procedure is 
carried out in duplicate throughout, the beakers being labelled A and B 
to avoid mistakes. About 5 ml. of dilute hydrochloric acid are added and 
thp beakers placed over a flame or on a hot plate. When the solution is 
boiling gently, barium chloride solution is added very slowly. This 
solution should be about 0*25 M (61 gm. of the salt in one litre), and about 
20 ml. should be added. The beakers are then placed on the bench and 
the mixtures allowed to settle. The addition of a drop of barium chloride 
to the clear supernatant solution will then show if tlie precipitation has 
been completed. If not, a further 5 ml. arc added and then a further test 
is made. The mixtures are then kept hot but not boiling for about an 
hour,«watch glasses being placed on as covers against dust. It is as well 
to rinse the under side of the glasses when removing them, using for this 
purpose the jet of the wash bottle. During this interval for digesting tlie 
precipitate, porcelain Gooch crucibles may be prepared in the manner 
described on p. 99. These must be dried over a strong Bunsen flame and 
allowed to cool in a desiccator. After a second short heating the weight 
should remain unchanged. 

While still warm the clear solution is carefully poured by decantation 
through the Gooch crucible, using suction. After transferring the ])re- 
cipitate in the manner described on p. 98, it must be washed on the filter 
with distilled water until the filtrate shows no turbidity with silver nitrate 
solution. The Gooch crucible is tlmn heated over a flame, gently at first 
'and finally to dull redness for about ten minutes. The crucible is allowed 
to cool in a desiccator and then weighed. It should be heated again and 
reweighed when cool, this process being continued until the weight is 
constant. It should not be necessary to weigh more than twice the 
weights can be left on the balance pan in the interval. From the weight 
of barium sulphate obtained it is simple to calculate the weight of sulphate 
radical in the original specimen, and thus the percentage of sulphate. 

Note. The determination of barium in a soluble barium salt is per- 
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formed in a closely Similar manner. Samples of about 0-5 gm. are accur- 
ately weighed out, dissolved in water, and the precipitation carried out 
by the addition of dilute sulphuric acid to the boiling solution. 

Determination of Iron in a Sample of Iron Oxide 

IroiL oxide, whether FcgOg or Fe304, dissolves satisfactorily only in 
fairly concentrated hydrochloric acid. A little nitric acid is then 
added to oxidise any ferrous salt to the ferric state. By the addition of 
ammonium hydroxide a gelatinous precipitate of ferric hydroxide is 
obtained. 

FeCL + 3NH4OH = Fe(OH)3 + SNH^Cl 

This is converted to the oxide FejOa by igniting at red heat. Other heavy 
metals must be absent. 

The points of procedure worthy of note are : 

(i) the washing of the precipitate by decantation before transferring 
the bulk to filter ; 

(ii) washing with 1 per cent, ammonium nitrate solution to coagulate 
colloid ; 

(lii) tile prcci})itate is bulky, and when compressed is not readily 
penetrated by water. For this reason a filter paper is preferred 
to a Gooch crucible ; 

(iv) ignition of the paper must be carried out with access of the air to 
avoid reduction of iron oxide by carbon. 

Two 0-5 gm. samples are accurately weighed out into 150 ml. beakers 
and dissolved in about 20 ml. of concentrated hydrochloric acid and 10 ml. 
of wat('r. The action is slow and re(iuires gentle heat for about hhlf an 
hour. More acid and water may be needed to replace that evaporated. 
About 1 ml. of concentrated nitric acid is then added to the solution, which 
IS boiled and then diluted to about 60 or 70 ml. before filtering into a 
clean beaker of about 350 ml. cajiacity. The filter should be washed well 
with weak hydrochloric acid. 

Before making the solution alkaline it is diluted to about 200 ml. and 
brought to the boiling point. Strong ammonia solution is then added 
slowly and with (constant stirring until the mixture smells of ammonia. 
The ferric hydroxide coagulates and should form a layer at the bottom 
of th(‘ vessid after a further minute’s boiling. The clear and colourless 
supcnialnnt- li(|uid is then decanted through a filter. The precipitate is 
then washed by decantation several times, using for this purpose a hot 
1 [)er cent, solution of ammonium nitrate. The precipitate is finally 
transferred to the filter, washed with more ammonium nitrate until free 
from chloridy, and then tin* filter paper and contents are dried and ignited 
in ap open crucible, which was previously ignited and weighed. The 
paper and precijutate are first dried over a low flame and then heated to 
redness for half an hour. Ignition should be carried out to constant 
weight. 
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Determination of Halide (or alternatively Silver f in a soluble salt. 

Silver chloride is only very slightl/ soluble — about 0-0017 gm. per litre 
at 20° C. The chief difficulty attending its manipulation is that it tends 
to become colloidal and pass through the filter. The presence of nitric 
acid largely prevents this. By precipitating and weighing silver halide, 
it is clear, either halide or silver can be estimated. It is assumed here 
that halide is to be estimated. 

0-5 gm. of the specimen of the chloride, bromide or iodide is accurately 
weighed out and dissolved in about 100 ml. of water. The solution is 
acidified with dilute nitric acid and heated to boiling point. About 20 ml. 
of silver nitrate (about 0-5 N) are then added slowly with constant stirring. 
The precipitate is then allowed to settle, and one or two drops of silver 
nitrate arc added to the clear supernatant solution. This shows if pre- 
cipitation has been complete. 

E.g. AgN03 + KBr - AgBr -f KNO3 

Filtration of the silver halide from the hot solution is best effected on 
a sintered glass filter crucible, but if this is not available an ordinary 
Gooch crucible should be prepared. In either case the crucible is dried 
in the air oven at about 150° C. to constant weight. The clear solution 
is first decanted through the filter, and then the precipitate is washed by 
decantation with a little cold and very dilute mtne aeid. When it has 
been transferred to the filter the preei[)i1,ate is again washfttl witli the 
very dilute acid until the filtrate is free from silver ion. The filter crucible 
is then dried to constant weight at about 150° C. 111 the air oven. 

Since silver halides are sensitive to light the })recipitate must be placed 
m a oupboard if the analysis is interrupted. It should be evident how the 
procedure may be modified if silver instead of halide is to be determined. 
The solution of the nitrate is then treated with dilute hydrochloric acid 
and the subseipient firocedure for dealing with the preci])itat(‘ is a.s above. 
All silver salts which are soluble in nitric acid can be determined in this 
way. 


Additional Exercises 

1. Determination of Calcium Oxide in Calcium Carbonate. 

Precipitation of the metal as calcium oxalate from* a solution of the 
chloride is suitable jirovided lu'avy metals are not jiresent. On ignition 
, the oxalate is converted into the oxide 

CaCOj + 2IIC1 - CaCla f H 2 O -f CO^ 

CaCla + - CaC^O^ + 2NH4CI 

CaC304 - CaO + CO -f CO^ 

0-5 gm. samples of the carbonate are weighed out into large (100 ml.) 
beakers. 20 or 30 ml. of water are added Knd then sufficient dilute 
hydrochloric acid to dissolve the solid on warming. The beakers should 
be covered with watch glasses during the effervescence. The solution is 
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then diluted to abo|it 100 ml. with water and heated* nearly to boiling. 
A moderate excess of ammonium yxalate solution is then added (there 
should be about T gm. of ammonium oxalate present), and this is followed 
by sufficient ammonium hydroxide to make the solution alkaline. • After 
standing for at least an hour the precipitate is separated Ipy filtration on 
a prepared Gooch crucible, which has been dried at dull red heat to con- 
stant weight. The precipitate must be washed with water until the 4ast 
few drops passing through give no turbidity with silver nitrate. The 
Gooch and its contents are then dried in the steam oven, and finally ignited 
almost to dull redness for about quarter of an hour. 

2. Determination of Magnesium in Magnesium Sulphate. 
Precipitation of the metal as magnesium ammonium ortho})hosphate is 
suitable provided heavy metals are not also present. Ignition of the 
precipitate yields the pyrophosphate : 

MgS04 + Na,HP04 + NII^OH + 5H,0 

- MgNH 4 P 04 - 6 n 20 + 

2MgNIl4P04*6H.,0 = Mg2P.,0, + 2NH3 -f ISH^O 
0-5 gm. samples of magnesium sulphate, MgS 047 H 20 , are weighed out 
into 250 ml. beakers and dissolved in about 50 ml. of water. About 25 ml. 
of bench ammonium chloride arc then added, followed by about 30 to 40 ml. 
of bench ammonium hydroxide. If any preiupitate is formed at this 
stage it IS i^dissolved by addition of more ammonium chloride. To the 
clear alkaline solution an excess of sodium [ihosfihate solution is now 
adde^. A glass rod tipped with rubber should be used for stirring, and 
it should not be allowed to touch the sides of the beaker as there is a 
tendency for the jirecipitate to adhere to the sides. The 8U])erii^tant 
solution is then decanted through a prepared Gooch crucible (ignited at 
redness to constant weight), and tlnni it is waslied with a little cold weak 
ammonium hydroxide until the filtrate is free from all trace of chloride. 
As litt le w.ishing as jiossible should be done. The G-oooh crucible and its 
contents are then dried and finally ignited to redness. 



ANALYSES BASED ON MEASUREMENT OF GAS VOLUMES 

Certain compounds may be estimated by measurement of the volume 
of gas evolved' from a reaction which is known to proceed in accordance 
with a definite chemical equation. A simple method of collecting the gas 
is to connect a Hempel gas burette with the reaction vessel as shown in 
Fig. 15. Alternatively a simple “ volumenometer ” of the form shown 
in Fig. 16 may be used. This latter instrument is not well designed to 
hold mercury, however, and is best kept for the collection of gases which 
are practically insoluble in ordinary tap water, e.g. nitrogen, hydrogen. 




It is essential to measure the volume of gas evolved at a known tem- 
perature arid pressure. The gas is assumed to be at*rrooni temperature 
only if its volume does not change on standing for some time at atmo- 
spheric pressure. As the gas collects it is unde.sirable that a pressure 
should be developed inside the ap})aratus ; tl^is is avoided by lowering 
the level of liquid in the second limb. 

Estimation of Urea in a Specimen 

Urea reacts with a solution of sodium hypobromite in the cold : 

C0(NH2)2 -f SNaBrO -f 2NaOH - 3NaBr N., 4 NagCOg f 3H',0 

60 

From the equation it will be seen that 60 gm. of ureai should produce 

104 
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224 litres of nitrogen^at N.T.P. Urea however, partly converted into 
ammonium cyanate in solution, and the full amount of nitrogen required 
by the equation is^ot obtained. Using pure urea it is found that 1 gm., 

instead of giving = 373 ml., gives only 357 ml. at N.T.P. * The 

latter figure must therefore be employed. 

The sodium hypobromite solution required for the reaction is ma^e 
by adding 5 ml. of bromide to 100 ml. of 20 per cent, caustic soda solution. 
The alkali must be kept cold and stirred well while, the bromine is 
slowly added. 30 or 40 ml. of the sodium hypobromite are placed in the 
reaction flask. Only about 0-1 gm. of urea is required. This may be 
weighed out by an experienced student on a sensitive balance, but it is 
more convenient to make up KK) ml. of a 2 per T;ent. solution by accur- 
ately weighing out about 2 gm. of urea and making up a solution in a 
graduated flask. 5 ml. of the solution may then be taken in a pipette 
and transferred to the small test tube. This is then placed inside the 
reaction vessel. 

After assembling the apparatus with good rubber connections, the 
reaction vessel is half immersed in cold water at room temperature for 
five or ten minutes. After this period the water levels in the gas burette 
or volumenometer are adjusted to be equal, and the level in the graduated 
limb is noted. As soon as the reaction is started by tilting the flask the 
water level la the second limb should be lowertal so as to keep the pressure 
inside the apparatus very nearly atmo.spheric. The volume of nitrogen 
colleclied is read at atmos])h<iric pressure only after the gas has been 
allowed to cool to room bmijierature, and no further contraction is 
obs(;rved. The pressure of tin* nitrogen is obtained by subtracting* the 
saturat(‘d vajiour pressure of water from the atmospheric pressure. A 
table of aijueous vajiour pressures is given in the ajipendix. 

Estimation of Hydrogen Peroxide 

In the jiresence of dilute suljihunc acid, hydrogen peroxide reacts with 
potassium permanganate as follows : 

r.IlA), + 2KMnO, 1- 3IUSO4 - K2SO4 f 2MnS04 + -f- 50^ 

Thus, 34 gm. of hydrogen jieroxide yield 224 litres of oxygen at N.T.P., 
of which half, in fatt, comes from the jiermanganate. Measurement of 
the volume of oxygen evolved from a suitable (quantity of hydrogen per- 
oxide solution accordingly provides a method of determining the strength 
of the solution. A Htmipel gas burette containing mercury is best for 
the experiment, but a volumenometer containing dilute sulphuric acid 
may be used. In either case the oxygen collected is moist. 

5 ml. of “*20 volume ” or 10 mb of “ 10 volume ” hydrogen peroxide 
solution are diluted to mak^ 200 ml. of solution. This is then approxi- 
mately decinornial. 10 ml. of this are placed in a small test tube, which 
IS inserted in the n^actioii vessel. The vessel itself contains 20 ml. of 
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decinormal perrfianganate (the exact strength neefi not be known), and 
an equal volume of bench sulphuric acid. 

After assembling the apf)aratus with rubber st6pper8 the flask is 
placpd up to the neck in a beaker of water at room temperature. After 
five or ten minutes the mercury levels are adjusted to be equal, and the 
level in the graduated limb is noted. On tilting the flask so that the 
rj'action begins, oxygen is rai)idly evolved and the levelling tube is lowered 
so that the pressure inside the apparatus remains near atmospheric pres- 
sure. The flask must be thoroughly shaken and again cooled to room 
temperature before the final reading of the gas volume is taken. 

The calculation of the weight of hydrogen peroxide in one litre of the 
original commercial solution, or its “ volume strength ” (p. 73) should 
not present any difficulty after the volume of oxygen has been reduced 
to N.T.P. The mean of two experimental results should be found. 

Additional Determinations which may be made with the use of 
this apparatus are : 

1. Estimation of Zinc Dust in a Specimen. Ordinary zinc dust, 
as used for rialuction or ferric salts, contains zinc oxide and a little cad- 
mium, among other impurities. For practical ])urposes its value can be 
calculated from the volume of hydrogmi evolved when a weighed sample 
(0*1 gm.) is treated with dilute sulphuric acid (5 ml. of concentrated acid 
in 25 ml. water). The percentage of zinc present can be calculated, but 
it should be remembered that any cadmium jiresent will also generate 
hydrogen. The disadvantage of the method lies in the necessity of 
weighing only 0-1 gm. accurabdy. 

2. Estimation of Available Chlorine in Bleaching Powder. The 

nature of bleaching powder has been discusseil on p. 82. The hypo- 
chlorite present in the substance reacts with hydrogen peroxide in the cold ; 

Ca(ClO), d- 2H./), - GaCl^ + -f 20^ 
half of the oxygen evolved coming from the peroxide. From the relation 
Cl, = iO, 

it follows that 11-2 litres of oxygen at N.T.P. are equivalent to 71 gm. 
of chlorine. Allowing for the fact that only half the oxygen evolved 
comes from the bleaching powder we have 11-2 litres of oxygen at N.T.P. 
for every 35-5 gm, of available chlorine, or 1 ml. of oxygen at N.T.P. for 
every 0'00317 gm. of available chlorine. 

25 ml. of a suspension of bleaching powder, made as described on 
p. 82, are placed in the reaction flask. In the test tube are 5 ml. of 10 
volume hydrogen peroxide solution. The oxygen should be collected 
over mercury in a gas burette or over dilute sulphuric acid in a volu- 
menometer. The mean of two experimental results should be found. 
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Determination of the Molecular Weight of a Volatile Liquid from 
its Vapour Density. Method ol Dumas. 

In Dumas’s method the weight of a given volume of vapour is found 
by direct weighing. A Dumas bulb of about 100 c.c. capacity is used ; 
this may be of either the older form shown in Fig. 17 (I) or the type shown 
in (II). The latter is to be preferred for ease of manipulation, and also 
because an inflammable liquid may be employed as suggested below. 

The clean dry Dumas bulb is first weighed full of air. A little of the 
liquid form of the substance is then introduced by warming and cooling. 
Not more than 5 c.c. is needed. The liquid is then vaporised when the 
bulb is heated to a constant temperature, C., at least 30^ above the 


(I) 





(JE) 


])()iling point of the licjuid. For volatih* liquids like chloroform, acetone 
ether and ethyl bromide, which have Ixuling })omts below C., the 
liquid used in the outer vessel is water. For higher temperatures a liquid 
such as toluene (l).p. HE’), commercial xvlene (b.p. about 138'’) or nitro- 
benzene (b.p. ‘iKF) \j:iay be used in the second ty[*e of apparatus fitted 
with a, condenser to regain the .solvent. 

When the apparatus (I) is used it is essential to depress the Dumas 
bulb with a stout metal ring held in a clamp or with a special holder, as 
otherwise the manipulation at lOE’ becomes awkward. It will be obvious 
that since the bulb is to be sealed when full of vapour at C., the length 
•of •projecting stem should be extremely small. It is easier to seal the bulb 
if a sn^ill constriction (Fig. 17 (111)) is made after introducing the liquid. 

After the bulb has been*hcatcd for about five or ten minutes at the 
temperature of the boiling liipiid in the heating bath, and before sealing 
off, the presence of vapour issuing from the bulb can be tested for with 
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a lighted splint. Even with chloroform vapour,* which is hot inflam- 
Tuable, the behaviour of the flame k a sensitive test. ^ The bulb is sealed 
when no more vapour is seen to issue from the projecting tube. It is then 
withdrawn from the heating bath and weighed when cool and dry. If 
a small piece of tube was detached when sealing this must be weighed 
with the bulb. A sharp triangular file is then used to make a small scratch 
0^1 the stem near the tip, and the bulb is held under cold water and opened 
at this point. The bulb should fill with water and can then be weighed 
on a rough balance. 

Theory. 

Let the weight of the bulb full of air at atmospheric temperature and 
pressure (P cm. mercury) be gm. 

Weight of bulb full of vapour at f C. and atmospheric pres- 
sure (P cm. mercury) : Mg gm. 

Weight of bulb full of water: M3 gm. 

The weight of water contained by the bulb is given by (M3 — Mj), and 
this is the number of c.c. of air jiresent 111 the bulb when it was first 
weighed. Since 1 litre of dry air at N.T.P. weighs 1-2928 gm., the weight 
(m gm.) of contained air can be calculated. The weight of (Mg — Mj) c.c. 
of vapour at f C. and P cm. pressure is then : 

Mg — (Ml — m) gm. « 


and the density of the vapour in gm. per c.c. is then : 
M, - (Ml ~ m) 

' (Mg -Ml 


at r C. and P cm. pressure. 


At N.T.P. : 


M., - (Ml - m) {I -f 273) 7(1 


(Mg - Ml) 


27:: 


-- . gm. per c.c. 


This value, divided by ()-tK)0()9 (the density iri gm. jier c.c. of hydrogfoi 
at N.T.P.), gives the vapour density. 

Notes. 1. It is obviously objectionable to apply the gas laws to 
vapours in calculating their volumes at N.T.P. For ordinary purposes 
the error thus introduced is not of jn-actical importance. It must be 
remembered that molecular weights are usually required to an accuracy 
of only 5 jier cent, or 10 per cent. The method of “ limiting densities ” 
obviates this error. 

2. When it is desired to find the vapour density of a substance which 
dissociates on heating, e.g. NgO^, Dumas’s method is m general the best. 
It is, in fact, the only method to use when dissociation pioduces a change 
in the number of molecules : 


NA^2N(L 

If a is the degree of dissociation, the oquilihrnin constant K is given by 


V(1 - a) 
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As will be seen, in Victor Meyer’s method (below) there is some dilution 
of the vapour with air which is an indifferent gas so far as this change is 
concerned. This means, in effect, an increase in V and consequently 
there is an increase in the dissociation. 

Determination of the Molecular Weight of a Volatile Liquid from 
its Vapour Density. Method of Victor Meyer. 

In this method the volume of vapour })rovided by evaporation df 
a known weight of iK^uid is measured 
^ indirectly. A simple form of the 
apparatus is shown in Fig. 18. In- 
stead of the graduated tube a Hempel 
gas burette may be used. 

The principle of the experiment is 
quite simple. The central bulb B and 
the stem of the apparatus are heated 
by the vapour of the liquid boiled in 
A. The liquid m the luiating batli 
must have a boiling point which is 
about 30^ higher than the com])ound 
to be vaporised. A small quantity of 
the latter is weighed in a very small 
bottle, fitted with a ground glass 
stopper. Tlii^ is dropped down the 
apparatus into the bulb B when the 
coriditTons inside the apparatus are 
seen to bi^ steady, i.c*. when the whole 
of the utevi is heat('(l by th(‘ vajiour 
from A to a constant temperature. 

If a li({uid other than water is used a 
cond('nser should la* attached to the 
apparatus at the jioiiit marked F. it 
may be m^cessary to “ lag ” the ajipar- 
atus to prevent the vapour from con- 
densing and so not heating the toj) 
part of the tube B. Fig. 18. 

To avoid bumping, a few pieces of 

])orous earthenware snould be introduced into A. A little dry sand should 
be placed in B to break the fall of the bottle. In more expensive forms 
of apparatus there is some device to avoid opening the apparatus to 
introduce the bottle. One of these, requiring a ground glass joint, is 
shown inset. 

.The measiy’ements required for the determination of the vapour 
densit}r are the weight of the volatile liquid, the volume of vapour to 
which this gives rise, and tie temperature and pressure of the vapour. 
The particular point of interest in the method is that the vapour produced 
when the liquid is placed in the bulb B displaces air equal to its own 
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volume. This air is driven over into the graduated tube and' is collected 
at the temperature of the cold watej in the basin and at atmospheric pres- 
sure. To read the volume at atmospheric pressure the tube of air must 
be transferred to a deep gas jar and then the levels can be suitably adjusted 
(Fig. 19). If a Hempel burette is used the levelling can be done more 
conveniently. 

0 The experimental procedure may now be summarised as follows : 

(a) The empty stoppered bottle is weighed. 

(b) The bottle is weighed full of the liquid. Differ- 
ence in weight : m gm. 

(c) The heating bath is meanwhile heated to boiling 
point, the top of the apparatus marked D being left 
open. After the liquid has been boihng steadily for 
some minutes and vapour issues from F, the stopper may 
be inserted. If no bubbles of expanded air are jiroduced 
the conditions inside the apparatus may be judged to 
be steady. 

{d) The weighed bottle, with its ground glass stopper 
not too tightly inserted, is dropped from D and the 
Fig. 19. stopper is immediately replaced. After a few seconds 
bubbles of air will be seen to collect in the graduated 
tube which must be in })osition. 

(e) When no more air bubbles are produced the voliime/of the air col- 
lected and its temperature (f C.) and pressure must be recorded. As 
mentioned above, the air should be measured at atmospheric ptessure. 
Alternatively the height of the water (in cm.) in the graduated tube may 



be recorded. 


If this height is h cm. the air is measured at 



cm. 


of mercury. This, however, is not the jiartial pressure of tlie air since 
water vapour is present. The saturated vapour })ressiire (/> cm.) of water 
at the temperature of the air can be found from the table in tlie appendix 
(it is there given in mm.). 

Let the volume of air collected be V c.c. and the atmosj)heric pressure 
be P cm. mercury. Assuming that no correction for difference in water 
level is needed and that the volume is read with the levels equal, the 
pressure of air is given (P ~ p). The volume at N.T.P. is then 


(P-i^Vee 
(273 + 0' TO ■ ■■ 


The density in gm. per c.c. is then given by 


111.(273 - 1-076 

T(P“-^^73 


gm. per c.c. at N.T.P. 


The vapour density is then : 

_m. (273 ^076 
V(P - pj273 0-00009 
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Notes. 1. It may fce questioned why the volume of vapour is con- 
sidered to be the same as the volume o^air at t° and not at the temperature 
of the heating bath. While it is true that the air displaced is at the higher 
temperature, this air is cooled on passing into the graduated tube tod 
undergoes a contraction. Inefficient heating of the stem of the apparatus 
is the commonest cause of poor results. 

2. The method is not used for finding the vapour density of sul> 
stances which dissociate with a change in the number of molecules. The 
reason for preferring Dumas’s method has been explained on p. 108. 

Determination of the Molecular Weight of a Substance in Solution 
from the Depression of Freezing Point. Beckmann’s Apparatus. 

Kaoult’s Law for the effect of a dissolved substance in lowering the 
vapour pressure of a solvent may be expressed in the form : 

Po — Ps ^ n 
po N + n 

where po is the saturated vapour jiressure of the solvent and that of 
a dilute solution at the same temperature, IM is the number of molecules 



of solvent per unit volume, n that of solute per unit volume. This means 
that equimolar solutions of different substances in the same solvent will 
have the same effect in lowering the vapour pressure. This, of course, 
applies to non-electrolytes only. Ex])eriment shows that for weak solu- 
tions the lowering of freezing point of a solvent is directly proportional 
to the lowering of vapour jiressure. This will be clear from Fig. 20, 
which shows that, since the V.P./Temf>. curves are parallel, 
dpj^dT, 
dpi dT^ 

The curves are shown intersecting the V.P./Temp. curve for the solid 
solvent. The points of intersection are of course the f. pts. It follows 



112 GENERAL AND PHYSICAL CHEMISTRY 

that, in the case of non-electrolytes, if there ai^e w gm. of solute in 
1000 gm. of solvent and M is the melecular weight of f-lie solute, 

ST 

M 

where K is t1ie “ molecular lowering,” i.e. the lowering produced (theoreti- 
cally) by one gram-molecule of any substance in 1000 gm. of solvent. 

* Setting aside the “ anomalous ” results produced by electrolytes it is 
necessary to point out that Raoult’s law ajiplies only to ideal solutions, 
that is, to those in which no comjiound formation between solute and 
solvent takes place. Even where this would apjiear to be absent certain 
anomalous cases are known. The better known examples are carboxylic 
acids in non-hydroxyhe solvents, certain phenols in benzene and nitro- 
benzene in benzene. If these are avoided the method gives excellent 
values for the molecular weights of substances in solution, provided no 
association or dissociation occurs. The molecular depressions of some 
solvents are given m the table. 


Solvent. 

F pt. 

K for 

1000 (jm. 

Dcn.'iUj/ 
{<j)n /c r } 

Water 

0“ c. 

1 85*^ 

1-0 

Benzene 

5 5 

5 12 

0-88 

Glacial acetic acid 

170 

3 90 

1-08 

Ethylene dibromide 

0 0 

11-80 

22 

Nitrobenzene 

5 72 

7-0 

1 2 

Camphor ♦ 

175 

40-0 

u 

* Soo 

lUiKt’s nietlioU 

holow. 



Experimental Method. The a})])aratus is shown in Fig. 21. itxcejit 
in the case of Rast’s method the depressions to be measured are only 
a fi^action of a degree, and for this reason a special thermometer capable 
of showing a temperature difference of vi ol'll ^ degree was mvented by 
Beckmann. This thermometer has a range of only six degrees, and is set 
for a particular range of tenijierature beforehand. Tins is described below. 

A known weight of solvent is placed in the middle tube C in the figure, 
and this is insulated by an air space from the cooling bath A. Without 
this air space the rate of cooling would be too rajiid and not sufficiently 
uniform. The freezing point of the solvent on the Beckmann thermometer 
is first determined ; then a weighed quantity of solute is introduced 
through the side tube D, a clear solution is obtained, and the lieezmg 
point is again found. The most important jioint of technique m the use 
of the apparatus is that the freezing point is always ajiproached from 
below after a small degree of supercooling has been produced. Solidifica- 
tion is then induced and the highest temperature then reached is taken 
to be the freezing point. If the freezing point is approached from above 
small fluctuations of temperature take place even while the solvent is 
solidifying. 

Setting a Beckmann thermometer. If the solvent used is, for example, 
benzene (f.p. C.) the Beckmann thermometer will be suitably adjusted 

if the mercury ends somewhere about the middle of the scale when the 
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temperature is actualjy C. To adjust tlie thermometer a large beaker 
of water at about 8° or 9° is required.^ The next step is to get the mercury 
thread of the thermometer to extend from the bulb to the reservoir at 
tb(' top. (See that the Beckmann thermometer is made for low tenppera- 
turea ; a Beckmann thermometer for boiling points containa less mercury. 
The instrument will have this marked on its back.) It may be necessary 
to place the bulb of the thermometer in hot water. By inverting ^le 
thermometer smartly the thread must be made to join up with the mercury 
m the reservoir. 




Fig. 22. — Reservoir of 
Keckiiiann thermometer. 


With the thermometer in the upright position and a continuous thread 
from top to bottom, the bulb is then lowered into the water at 8° or 9°. 
This causes mercury* to be drawn down into the bulb. After a minute or 
two the upper end is given a smart tap with the tips of the fingers, and this 
will jerk the reserve mercury off the mercury at the end ot the capillary. 
When the bulb is wiped on filter paper and lowered into benzene at about 
6 % the mercury will end on the upper half of the scale. 

P'lnding the freezing point. The cooling bath should contain a mixture 
of water and* ice. This is occasionally stirred. 50 c.c. of pure benzene 
arc transferred to the tube^C, using a pipette. The weight of benzene is 
then calculated (densities given on p. 112). The Beckmann thermometer 
IS lowered into the benzene and the reading of the thermometer is observed. 

I 


M.P.C. 
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It is important *to know approximately where thf mercury- will stand 
when the temperature is 5-5° C. The benzene is not stirred while the 
temperature is falling, until it is clear that the tempeAturo is lower than 
the freezing point by about 0*5°. At this point the benzene is stirred 
steadily until crystallisation begins to take place. The temperature 
shown on the Beckmann thermometer will then begin to rise. The 
highest temperature recorded is noted as the freezing point. A redeter- 
mination of the temperature can be carried out quite quickly if the inner 
tube is lifted and the benzene is warmed by the hand until it is again 
liquefied. The mean of three determinations should be found. 

0-5 to 1*0 gm. of the solid solute is then weighed out into a clean dry 
weighing bottle or specimen tube. The inner tube, C, is again lifted out 
and the solute is dropped into the lienzene through the side tube. The 
mixture is warmed by the hand until a clear solution is obtained. The 
determination of the freezing point is then carried out in the same way 
as before. Once again the mean of three determinations should be found. 
The separate readings should not differ from the mean by more than 
0*01°. Using a hand lens greater accuracy in reading the thermometer 
can be attained. 

The molecular weight is obtained by substitution in the formula. In 
the case of benzene the molecular weight is given by 
]y[ _ 5*1 
"T 

where w is the weight in grams of solute in 1000 gm. of benzene. 

East's Method. Jt will be observed that camphor has an exceptionally 
high molecular lowering (p. 112). It is possible, therefore, to determine 
freezing point dejiressions jiroduced by substances which are soluble m 
camphor with an ordinary thermometer graduated in -J-ths of a degree. 
In this case it is the melting point and not the freezing point which is 
observed, the usual method for finding melting points being used. 

About 5 gm. of camphor are weighed in a weighed test tube. A few 
crystals of the solute are then added, and the weight is accurately redeter- 
mined. The mixture is then heated carefully in the Bunsen flame until 
a clear solution has been obtained. The solution is then allowed to 
solidify, and is then scraped out on to a piece of clean jiaper. Two melt- 
ing point tubes (p. 158) are then filled («) wdth pure (yimphor, and (b) wuth 
the solidified solution. These are placed side by side on the thermometer 
in the melting point bath. The two melting points are then carefully 
determined. The molecular weight is calculated in the same way as for 
the Beckmann method. 

Determination of the Molecular Weight of a Substance in Solution 
from the Elevation of Boiling Point. A modified foi^*m of Landfe- 
berger’s Apparatus. „ 

It is of importance that the elevation of boiling point of a solvent by 
the presence of a dissolved (solid) solute is directly proportional to the 



MOLECULAR WEIGHT DETERMINATION 115 

lowering of vapour j^reaaure. For dilute solutions the curves showing 
the change of va^iour pressure with.tempcrature are of the form shown 
in Fig. ‘23. Since these are parallel 

hi 

This means that the effect is proportional to the molecular concentration, 
i.e. equimolar solutions will have the same effect in raising the boiling 



pointy The equation relating the elevation of boiling point with the 
molecular weight is therefore of the same form as that for the depression 
of freezing point (p. J12), i.e. 

^T - K^- 

M 

where K is the molecular elevation produced by one gram -molecule of 
solute dissolved in 1000 gm. of solvent. The values for the solvents given 
in the table will be seen to be somewhat smaller than the molecular lower- 
ings given on p. 112. A Beckmann thermometer, made for boiling point 
determinations, is accordingly used. 


Solvent. 

B. pt. 

K for 
1000 gm. 

K' for 1000 c.c. 
at the B. pt. 

Water * 

100" C. 


0-54° 

Chloroform 

01 2 

3-88 

2-77 

Acetone 

05-2 

1 72 

2-22 

Benzene 

80 2 

2-57 

315 

Ethyl alcohol 

78-5 

115 

1-56 


^ In the modified form of Landsberger’s apparatus shown in Fig. 24, 
solvent is placed in the boiler A and in the graduated tube B. Vapour 
from*A bubbles through th« liquid in B and brings it to the boiling point. 
A condenser may be attached at C when liquids other than water are 
used. The boiling point, as shown on the scale of the Beckmann ther- 
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J • r.A ftion ft weiehed quantity of th/ solid solute is added 
mometer, .s read and then a we gne q ^ 

fn thp solvent m B and the boiling f)oiuD is * i. -i, i , 

dear that since the solution has a lower vapour pressure than he solvent 
at the temperature of the vapour from the boiler, vapour will condense 
in B and give up latent heat until the temperature is raised to the boiling 
point of the solution. 

♦■■With this type of apparatus the boiling point of the solution and its 
volume must be found simultaneously since the solution is being progres- 
sively diluted. In order to read the volume it is in practice necessary to 



open the tap D momentarily, so that a level meniscus can be observed. 
Several readings can be made of both volume and boiling point in the 
course of about quarter of an hour. 

The procedure is therefore as follows ; 

(a) The Beckmann thermometer is adjusted so thatethe mercury thread 
will end on the lower half of the scale. For this purpose a beaker of 
liquid at a temperature some 3° or 4° above the required temperature is 
needed. The details have been described on p. 112. 

(h) The boiling point of the pure solvent is found on the Beckmann 
thermometer, f 

(c) A known weight (about 0*5 to 1*0 gm.) of solute is added to the 
solvent in B and the new boiling point is determined. The volume is 
found simultaneously. 



Conductivity of Electrolytes. 


Tb.e measuTement of electrical conductivity of a solution offers pertaps 
the most direct approach to the study of electrovalent compounds. 
Although the oppositely charged ions are strongly attracted to one another 
there is no real “bond”; the 
passage of a direct current brings 
about a separation. The relation / 
between the direct current (I) and 
the applied potential difference (V) 
is, in general, of the form shown in 
Fig. 25. The size of the “ decom- 
position voltage,” represented by 
Vo, depends on the nature of elec- 
trolyte and the electrodes. Polari- 
sation effects must be minimised 
in measurements of conductivity. 

For this reason (i) platinum surfaces Vq V 

coated with platinum black are yio. 25 . 

commonly used, and (li) a high 

frequency alternating current is used. Any polarisation due to deposition 
at the electi%»(les and changes in concentration is thus almost completely 
avoided. 

'j^he specific condueiivity (/r) of a solution is the reciprocal of the 
specific resistance (cr). A conductivity cell of a more or less standard 




Fig. 26 . 


pattern is employed. Jhg. 2fi show.s one common type of cell and the 
modffied Wheatstone Bridge circuit used. As a source of alternating 
current one may use either 
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(a) a valve oscillator (with usually a stage of ^^iplificatioti), or 

(b) a small induction coil. This^does not give true A.C., but discon- 
necting the condenser produces an improvement. 

The theory of the circuit is the same as that for the ordinary Wheatstone 
Bridge. When the point of balance is found, so that the note heard in 
the headphones practically disappears, we have : 

R 

where r is the resistance of the solution in the cell, and R is a suitable 
standard resistance (found by removing plugs from the resistance box). 
Fuller details of the bridge are given in textbooks of electricity. 

The Cell Constant. All measurements of the resistance of solutions 
must be carried out with the cell in a thermostat since there is, in general, 
a change of about 2 per cent, in the resistance for 1° C. change in tem- 
perature. A temperature of 18° is very convenient (cf. table of ionic 
mobilities for this temperature below). 

The specific resistance is defined as the resistance between the opposite 
faces of a unit cube of a substance. Since it is impracticable to make 
electrodes exactly one square centimetre m area and exactly 1 cm. apart 
the cell coyistayit must be found, i.e. the constant by which the resistance 
must be multiplied to obtain the specific resistance. For this purpose 

N ' ^ ■ 

— KCl made up in conductivity water * may be used. The specific con- 
oU 

ductivity of this solution lias been accurately found for a range of tem- 

N . . 

perature. If the resistance of KCl in the cell is r ohms at a given 
temperature, the conductivity is 1/r = c (in recijirocal ohms or mhos). 


Temperature. 

^C. 


Sp. conductvnt}/ {k) 
N 

of ~ KCl. 

60 


10 

15 

18 

20 

25 


0 001996 
0002143 
0002395 
0-002501 
0-002768 


The cell constant (K) is then found from the relatfon 

K = - = ir 
c 

Once the cell constant K has been determined great care must be taken 
not to deform the electrodes or alter the distance between them. When 
not in use the cell should be kept full of conductivity water. 

c 

♦ Distilled water, made alkaline with caustic soda and redistilled with a little 
potassium permanganate, using a copper tube condenser, is suitable. Only the 
middle fraction is retained. A hard glass condenser tube can be used instead. 
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The Equivalent CoiJ^uctlvity and Degree of Dissociation of a weak 
N 

Electrolyte (in*— solution). 

The equivalent conductivity, Ay, of a solution containing one ^am- 
equivalent of solute in V litres is given by 

Ay “ 1000 kV (reciprocal ohms) 

This quantity shows an increase with V in all cases and for strong ele!c- 
trolytes, when V is greater than 1000, the equivalent conductivity reaches 
a niaxinium and constant value so that further dilution has no (appre- 
ciable) effect. This conductivity at “ infinite dilution ” corresponds on 
the original Arrhenius theory to coinjih'te ionic dissociation. At any 
ordinary dilution, then, the “conductance ratio,” Ay / A^, is a direct 
measure of the “ degree of dis.sociation ” (oc) — according to the original 
Arrhenius theory. iVccording to modern ideas the variation of x with 



Fig. 27. 

(a) Strong electrolyte. (6) Weak electrolyte. 

Ay is due more to change in ionic speeds than to a change in the number 
of ions carrying the current. We obtain the degree of dissociation from 
the conductance ratio, therefore, only in the case of weak electrolytes 
for which the equilibrium between ions and an undissociated molecule 
does seem to exist. It will be seen, however, from Fig. 27 that, although 
the equivalent conductivity does increase with dilution, the value at' 
infinite dilution cannot be found by direct measurement. At great 
dilutions the conductivity of such solutions is extremely low and a constant 
result cannot be found. 

Only one measurement (that of Ay) is therefore made in obtaining the 
degree of dissociation. The apparatus required in the previous section 
18 assembled. Some decinormal electrolyte is placed in the conductivity 
cell. Acetic acid, oxalic aifid, succinic acid or ammonium hydroxide are 
suitable electrolytes. Conductivity water is used in making up the 
solution. (The solution is kept at 18°.) 
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To find the conductivity at infinite dilution must apply Kohl- 
rausch’s law of independent mobility of ions. For acetic; acid, for example, 
we have 

* -^HAc "= ^H+ ^Ac- 

these being the conductances at infinite dilution. The conductances (or 
mobilities) are as follows, for the electrolytes tuentioned above ; 

Ion. Mobility ( 18 ° G.). 

H+ 313-9 

NHi+ 64-7 

OH- 1740 

Ac” 350 

iOx- 630 

Having found tlie value of /ly the value of is found, as shown above. 

The Change of Equivalent Conductivity with Dilution for a strong 
Electrolyte. 

According to the theory of strong electrolytes due to Debye and Huckel, 
the comjdete dissociation of a strong electrolyte is to some extent masked 
by attractions between oppositely charged ions. This leads to the prac- 
tical immobilisation of a certain {)roportion of ions at any instant. The 
mobility of the ions, in carrying an electric current, is therefore reduced 
by a kind of electric viscosity. On dilution, the ions being further apart, 
this effect is reduced and the equivalent conductivity increases. 

For an electrolyte of the form B^A~ the equation due to Debye and 
Huckel requires that the equivalent conductivity shall change with dilution 
according to an equation of the form 

1 = 

/loo 

and Onsager’s equation for uni-univalent electrolytes also requires that 
Aif/A^ shall vary with the square root of the concentration. This relation 
maybe tested over the range from 0-1 N to 0-01 N, using a strong electrolyte 
such as potassium chloride. The apparatus is as described previously. 
The conductivity cell must, of course, be ke[)t at a constant temperature 
in a thermostat, and every care must be taken to ensure accuracy in the 
measurements. A valve oscillator is very desirable. ^ 

Starting with 50 c.c. of 0-1 N potassium chloride in the cell, 10 c.c. are 
withdrawn after doing the first measurement and replaced with 10 c.c. 
of conductivity water. Next, 25 c.c. are withdrawn and replaced with 
water, and this is repeated so that the following concentrations are 
obtained : 


0-1 N 

replace 10 c.c. 

0-08 

rcplacf 25 c.c. 

0-04 

ri'place 26 c.c. 

0-02 

replace 25 c.c. 

0-01 
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A methodical way of»entering up results should then be followed. The 
following is suggested : 


Concentration 

(C) 

Bridge reading {1) 

Resistance 

(r) 

t 

Sp. conductivity 
fc = K/r • 






from which is obtained : 


Concentration 

(C) 

Vol. in litres of 

1 gm equiv. 

(V) 

Equiv. 

Conductivity 

V, = 1000 kV. 

Vc 






As an alternative to plotting Ay against V C, Ay may be plotted against 
V wll^n a graph of the form shown on p. 119 is obtained. The results 
obtained must be regarded as a good test of the ae.cmracy and care with 
which the experiment has been done. There should be a steady increase 
in the values tabulated under Ay. Erratic, results are a sure indication 
of poor experimental conditions. The resistance of the cell, when con- 
taining nothing but conductivity water, should be found as a check on 
the purity of tlie water. A resistance of 10, (XX) ohms should then be 
needed in the circuit. When using the potassium chloride solutions, 
100 ohms will be sufficient to obtain balance points on the middle part 
of the bridge wire. 

The graph of Ay against \/C is approximately linear over the range 
suggested. Extrapolation will give the value of the equivalent con- 
ductivity at infinite dilution (VC = 0). 


Transport Numbers 

The fact that equal amounts of + — charge are given up in unit 

time at the electrodes during electrolysis does not mean that in general 
•the cation and* anion move with eipial speeds. This point is explained in 
textbooks of Physical Chemistry. If the electrodes are not themselves 
sources of new ions during electrolysis, there will in any case be a lower- 
ing of the concentration of the solute around the electrodes ; it is the 
* Tlic cell constant (K) is found as described on p. 118. 
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(lifriTericft in the losses at the two electrodes whicl?^ is explained by the 
dilfcrence in speed. It may be shewn quite simply t^hat : 

decrease in cone, of solute at anode __ speed of cation 
decrease in cone, of solute at cathode speed of anion 
Writing these decreases of concentration dC^ and ($C 2 , if a fraction n of 
thp total current passing is carried by the anion and 1 — n is carried by 
the cation, we have 

dCj _ _ 1 — ^ 

^Ca u n 

where v and u arc the speeds of the cation and anion respectively. The 

actual values of v and u depend on 
the potential gradient employed, and 
we therefore determine n and I — n 
from the observed changes in con- 
centration. These are the “ transport 
numbers ” of the anion and cation 
respectively. Their significance is 
that we can divide the equivalent 
conductivity of a salt at infinite 
dilution in the proportion of the two 
transport numbers : 

n/1* and (n 

which are, of course, the ionic mobili- 
ties (Kohlrausch). From the rnobili- 
ties the absolute velocities can be 
found. 

There are various forms of trans- 
port apparatus, all of which are 
designed to restrict the change of con- 
centration to the electrode compart- 
ments. It is a fundamental assump- 
tion that no change of concentration 
takes place between the electrodes. 
To determine the transport number 
for the silver ion in a solution of silver nitrate the simple apparatus shown 

N N 

in Fig. 28 is adequate. It is filled with a solution of about — or strength 

and connected in series with a rheostat, copper voltameter (not shown in 
figure) and a milliammeter. A direct current supply of about 50 volts 
is required to set up a current of about 10 milliamps. The magnitude 
of the current depends on the dimensions of the electrodes, etc. This 
current must be maintained steady for about 1 or 2 hours, and the total 
time is recorded. From the change in weight of the cathode of the 
voltameter the total charge passed during the experiment may be deter- 
mined. 
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To find* the clian^ in concentration around the anode about as much 
solution as would fill the anode limlj is run out immediately the current 
is switched off. I? is run into a weighed flask and the amount determined 
by weighing. The silver nitrate present is then found by a careful nitra- 
tion with standard ammonium thiocyanate (Volhard’s method). A 
titration of a known weight of the original silver nitrate solution must 
also be done during the experiment. * 

The calculation of the transport number may be explained as follows : 
From the titrations calculate the number of gram-equivalents of silver 
ion which are associated with a given weight of water in the two cases 
(the weight of water in the anode compartment) ; 
i.e. before electrolysis W gm. of water associated with x gm.-equivs. of 
silver ; 

after electrolysis W gm. of water associated with ij gm.-equivs. of 
silver. 

Increase in amount of silver present : y ~ x gm.-equivs. 

Let total weight of copper deposited be m gm.-equivs. 

i.e. m gm.-equivs. of silver have been deposited. 

The increase m the anode compartment is, of course, not as great as 
m since silver ions have been leaving the anode compart rmmt. Tlie 
difference between m (which would have been the increase if tliere had 
been no transport by silver ions) and the increase observed represents the 
amount whiefh has left the compartment. 


m 


X) 


— fraction of current carried by Ag"^ ion. 


This is the required transport number. The transport number for the 
nitrate ion is then found since the sum of the two numbers is 1. ^ho 
concentration of the solution should be recorded. 

The equivalent conductivity at infinite dilution (/I ^) for silver nitrate 
is llG’l. From this the mobilities of the two ions can be found since 


and = 

The accepted values are ; Ag"*^ ^ 51 -02 

NO 3 - 71^ = 01-78 

It is interesting to compare these with the mobility of the hydrogen ion 
(317’2), and hydroxyl ion (174). The reason /or the high mobility of the 
hydrogen ion has been discussed by Speakman {Valency^ p. 35). 


Degree of Hydrolysis. Strengths of Acids and Bases 

As mentioned on p. 15, hydrolysis is the outcome of the strong dis- 
sociation of salts of even weak acids or bases, coupled with the feeble 
dissociation t>f the acids and bases themselves. In the reaction 
repre.'iented : 

B+A- -f H^O ^ BOH + HA 

the position of equilibrium depends on the strength of the acid HA or 
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the base BOH (or both). In the case where the^^hydroxide BOH is 
strong base we have : , 

A- + H,0 ^ OH- + HA 

The hydrolysis constant Kjj is given by 
[HA] [OH- 

e ^ [A-^] 

[HjO] being constant for a dilute solution. If from 1 gm. -equivalent (in 
V litres) a fraction a gm.-equiv. of the acid HA is formed, we have 


Kh 


and 


[HA]: 

[A-]: 


: [OH-] 
1 -a 


a 

V 


Hence 

and, if a is small, 

Now 


Kh = 


Kh 


^ V(1 a) 


a" 

= K«, 


■■Vk,y 


and 


Dividing : 


Hence 


[H+] [OH-] 

HA 

^ _ [OH-] [HA] 
K. - ■ [A-] 


= Kh 




(«) 


This equation shows the relation between the degree of hydrolysis a and 
the dissociation constant of the weak acid jirovided a is small. We can 
find a since 


V, 

KwV 

^ [H^] 


(ii) 


It follows from (ii) that if we can find [H^] for the solution, a can be found. 
For a N solution V — 1. Knowing a the dissociation constant Ka can 
be found from equation (i). It should be clear that if N solutions of 
a series of sodium salts are made, the hydrogen ion concentration gives 
us a rough means of comparing the strengths of the acids. 

Determination of ])H by means of indicators, A senes of approximately 
N solutions is made up. (The method is not capable of great accuracy.)' 
250 c.c. of each solution is sufficient and if .placed in stoppered bottles, 
labelled with the name of the solution, these may be kept permanently 
for this experiment. 



WEAK ACID* AND STRONG ALKALI 


To determine the hydrogen ion concentration an indicator or series 
of indicators is us^d. A set of standard tubes containing suitable buffer 
solutions and showing the colour of the indicators over a range of 
values is required. For this the B.D.H. “ Capillator ” outfit is 'most 
convenient since one indicator is used for a wide range of pH values. 
To carry out a determination with an indicator for which standard tubes 
are available, it is simply necessary to mix a few drops of the salt solution 
with a few drops of indicator on a watch glass and then to compare the 
colour developed with the colours of the standard tubes. Using the 
“ Capillator ” a capillary tube full of the salt solution coloured suitably 
deeply with indicator is all that is needed. 

Suitable solutions are : 

{a) Comparison of the strengths of some weak acids : sodium acetate, 
formate, chloracetate, cyanide and phenate. 

(6) Comparison of the strengths of weak bases : ammonium chloride 
and aniline hydrochloride are suitable. For this group of solutions we 
have in place of equations (i) and (ii) above : 

_ KwV , _ 

“ [OH-] “ “ V Kb 

Titration of a Weak Acid with a Strong Alkali. The Henderson 
Equation. 

If a weak* acid is titrated in dilute solution with a strong alkali it is 
possible to calculate how the hydrogen ion concentration will change as 
the alkali is added. It is necessary to assume 
(i) that the alkali is completely dissociated, and 

(li) that the dissociation of the acid is repressed by the salt formed 
according to the usual mass action ideas. 

If the alkali is run into the acid we may take the amount of acid present 
in one litre to be (i) a gm.-mols. initially, and (ii) h gm.-mols. at any sub- 
sequent instant. 

From the equation 

HA f- NaOH ^ NaA + H^O 

it follows that when [HA] — 6, [Na + j = b (i) 

and [HA] -f [A“J = a (ii) 

We also have, from* the electrical neutrality of the solution: 

LNa+] -h [H+] = [A-] + [OH-] (in) 

and, for the dissociation constant of the acid : 

[H+][A-]_^ 


From 1(iv) and (ii) : 
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and from (iii) and (i) : 

rH.1 = K“— 

5 + [H+]-[0H-] 

Sinc^, up to the point of neutrality, [OH*] is a small quantity, it may 

[H ] - R j ^ JI1+] 

If, as is hero the case, [H+] is small, the equation may be reduced to 

(a - b) [ acid remai ning] 

[H J - Jv— ^ 


or: log[H+] = logK + log 

[salt] 


[HA] 

[NaA] 


= log — log K. (the Henderson equation) 

For acetic acid K = 1*86 X 10“^. If, then, 50 ml. of Normal acetic 
acid are placed in a beaker and Normal caustic soda is run in from a burette, 
the pH of the solution may be found, after the addition of each 10 ml. of 
alkali, with the use of the B.D.H. capillator. The result may be com- 
pared with the value calculated on the Henderson equation. There is 
only fair agreement in the example chosen. 

It is desirable to have exactly Normal caustic soda for the experiment, 
so as to simplify the calculation of the concentrations. Tke first step is 
then to titrate the alkali against the acid, using phenolphthalein indicator, 
so as to find its normality. The acid must then be diluted to be erractly 
Normal (so that it should first be rather stronger). 50 ml. of one solution 
wilj now require 50 ml. of the other (decinormal solutions may be preferred). 

Starting with a burette full of N caustic soda, the 50 ml. of acetic 
acid are placed in a beaker. It is then easy to withdraw a capillary tube 
full of the solution after the addition of each 10 ml. of alkali. The pH 
of the solution is found with the use of the B.D.H. indicator or any other 
“ universal ” indicator giving a range from pH = 4 to pH =10 or 11. 
The results of the experiment are best shown in tabular form : 


Observed 

pH 


ml. NaOH 
added. 

Total 

volume. 

[salt]. 

[aoid]. 

pll 





0 

0 

60 




10 

60 




20 

70 




30 

80 




40 

90 




60 

100 





♦This value can be calculated from the relation [H^]— VKV (the pstwald 
dilution law). ^ 

t This value can bo calculated from the relation fH+]= where is 

the ionic product for water, viz. 10"^* (cf. equation (i), p. 124). 



UW.OI MASS iOTOK ■ 

N-Chloroacet^de ^hlliott 

j;:rrrA»«i. «. - 

/Cl V/ 


According to tlae Law of Mass Action (p. 6), the rate at which this 
change proceeds i^ at any instant proportional to the concentration of L 
Since 1 is progressively changing into II the rate of change falls off. If 
there were a gm.-mols. per litre of I originally, and after a time t, x gm.- 
mols. have been transformed, the rate of transformation vail be given by 

= k{a - x) 


Integrating : 

Since x — 0 when t - 


— loge (a~ x) ~ kt-]- C 
■ 0, “ log,, a — C 

2-303 , a 
• • 7~“ lOgio ' — 

t n -- X 


So long as a and {a — x) are measured m units which are, proportional to 
the itiolecular comumtrations the latter iummI not lx* found. 

In this case the course of the react-ion lUMy 1)(‘ followed by withdrawing 
5 c.c. portions of the solution and adding exex'ss acidified potassium iodide. 
The standard thiosulpliate needed to titrate the iodine liberated gives 
a direct measure of the quantity {a ~ x). 

Required : 

10 gm. N-ehloroacotanilido (preparation on }). 194). 

50 c.c. 20 per cent, acetic acid. 

50 c.c. N hydrochloric acid. 

6 small flasks, each coiitairiing 10 c.c. potas.sium iodide solution. 
N 

-- sodium thiosul])hate. 

The N-ehloroacetanilide is dissolved in the acetic acid and the solution, 
in a 250 c.c. flask, is placed m a tliermostat or a. large vessel of water at 
room temperature. The hydrochloric acid is also placed in a flask and 
kept at the same temperature. After a period to attain the temperature 
of the thermostat the hydrochloric acid is poured into the N-chloroaceta- 
nilide solution. At this instant a stop-clock is ser going. 

The first iodine estimation is done immediately after mixing ; 5 c.c. 
of the solution are withdravrn in a pipette and added to 10 c.c. of potas- 

* There is no doubt that a reaction with the acid takes place and that the change 
is really a pseudo-unimolecular one. 
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sium iodide solution previously acidified with hydrochloric acid. The 
iodine liberated is then titrated with decinormal sodium thiosulphate 
solution, using starch solution indicator. The titre is noted. At ten- 
miniiJbe intervals this procedure is repeated, but after half an hour the 
rate of change is much reduced and it is unnecessary to do more than one 
more at the end of an hour. We then have : 

N 

Titre of thiosulphate 

Wo 

Wi 
Wj 
Wg 
W4 

On plotting log. against t the points should fall approximately on 
a straight line. 

Note. The N-chloroacetanilide used in this exfieriment must have the 
correct m.p. (91° 0.). The yield of the corniiound after it has been 
recrystallised (p. 194) is not high, and an experiment requiring much more 
accessible materials is described below. 

Law of Mass Action. Reaction of Bromine with Formic Acid. 

Sodium formate and bromine water arc the ])rinci]):Ll chemicals 
required in this experiment. These substances react in solution in the 
following way : 

H-COONa 4- Brg = NaBr -f HBr + CO, 
or ' H-COO“ -f Brg --- 2Bi- + H ^ -f CO^ 

Halogen-substituted formic acids are too unijtable to be isolated, but are 
known in the form of esters. 

If a large excess of formate ion is present the rate of the reaction at 
any instant depends on the concentration of bromine remaining, 

V - k[BT,] 

i.e. the reaction is now a “ pseudo-unimolecular ” one with respect to 
bromine. The concentration of bromine at any instant can be deter- 
mined by withdrawing a small sample m a pifiette, liberating iodine from 
acidified potassium iodide, and titrating with standard thiosulphate. 
Only very dilute solutions are used. 

Required : 

Bromine water diluted to ten times its volume (a pipette must 
7iot be used here). 

Sodium formate. 7 gra. per litre. 

N sulphuric acid. 

/ . , N 

Sodium thiosulphate. 2*5 gm. per litre ( approximately 

6 small flasks containing 10 c.c. potassium iodide 


about 


Time in 
minutes. 
0 
10 
20 
30 
60 


and a little starch solution. 
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100 c.o. of the dhute bromine solution are transferred from a measur- 
ing cylinder to a smsfll conical flask^ This is then stoppered and kept in 
a large vessel of water at room temperature. 200 c.c. of the formate 
solution and 100 c.c. of the Normal acid are then mixed in a large conical 
flask which is also kept at room temperature. 

When the bromine solution is poured into the large conical flask 
a stop clock is set going and 50 c.c. of the mixture is immediately with- 
drawn, using a pipette. (Provided ordinary care is taken this very dilute 
solution can be taken in a pipette.) The 50 c.c. portion is quickly trans- 
ferred to one of the flasks containing potassium iodide and starch. The 
. . N 

iodine liberated is then titrated with the thiosulphate. Less than 

lUU 


10 c.c. will be required. The process of estimating bromine is repeated 
every five minutes for half an hour. 

As in the previous example (experiment on N-chloracetamhde) we may 
write the expression for the unimolecular constant in the form : 


2 - 303 , 
log 


K 


t n 

where Wq is the titre at the beginning of the experiment and n any par- 


ticular value subsequently. By plotting log. ^ against t (in minutes) 
a straight line relation should be obtained. 

Law of M&ss Action. The Reaction between Potassium lodate 
and Sulphurous Acid. 

Potassium iodate oxidises sulphurous acid to sulphuric acid, the 
simplest representation being : 

KIO 3 + 3 H 2 SO 3 KI -f 3 H 2 SO 4 (1) 

This change is catalysed by hydrogen ions and proceeds at a measurable 
rate in feebly acid solution. As soon as all the sulphite ion has been 
oxidised, hui not before, the excess iodate reacts with the iodide present 
according to the well-known equation : 

KIO3 + bKI -f 3H2SO4 = 3K3SO, + SHoO 4- 3I3 (2) 

Since reaction (2) is practically instantaneous the liberation of iodine is 
the sign that reaction (1 ) is completed. In the presence of starch solution 
a dark blue colour suddenly develops. At a given temperature the rate 
of the first reaction depends on the concentration of the iodate, the sul- 
phurous acid and the hydrogen ion concentration. If two of these are 
kept constant the variation of rate with the third concentration may be 
studied, but it must be remembered that sufficient iodate must be present 
for the second reaction to occur at all. 


Required : 

Potassium iodate solution. 10 gm. per litre. 
Sodium sulphite, NagSOs-THgO. 30 gm./litre. 
N sulphuric acid. 

Starch solution. 


T^.P.C. 


E 
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The three solutions (which need not be of accurately knowii strength) 
are placed in burettes which are suitably labelled. A jDreliminary titra- 
tion is then carried out, using 10 c.c. sodium sulphite solution, acidified 
with a little of the N sulphuric acid, to find the minimum volume of 
potassium iodate solution needed to liberate iodine (starch indicator)- 
If about 10-20 c.c. of the acid is added, after diluting the sulphite, sulphur 
dioxide will not be liberated and the titration can be carried out in the 
ordinary way. About 10 to 15 c.c. of potassium iodate will be required. 

(a) In the first experiments a fixed volume of potassium iodate, which 
is 2 or 3 c.c. over the minimum quantity ascertained above, will be suffi- 
cient (15 c.c. probably will be suitable). This volume may be called x c.c. 
The variation of the time of reaction with the acid concentration is then 
studied, x c.c. of potassium iodate is run into a measuring cylinder and 
diluted to 200 c.c. In another n)easuring cylinder 10 c.c. of sodium sul- 
phite are diluted with 100 c.c. of water, then 5 c.c. of N acid are added 
and the volume is made up to 200 c.c. with water. This solution is then 
placed in a large beaker and a little starch solution is added. On pouring 
in the iodate solution a stop watch is set going. A dark blue colour 
appears suddenly after about 2 minutes (at 18'^). In successive experi- 
ments more acid is present, and the time for the experiment is reduced 
to only a few seconds : 


c.c. NatSOt 

c.c. KlOt 

c.c. lUSOt 

Total. 

10 

X 

5 

400 

10 

X 

10 

400 

10 

X 

15 

4(H) 

10 

X 

20 

400 

10 

X 

25 

400 

' 10 

X 

30 

400 


(«) (0 

The values of Xji and n should be plotted on a graph. An excellent 
straight line relationship should be obtained. 

(6) Having ascertained the concentration of sulphuric acid which 
gives a period of about 30 or 40 seconds, the effect of increasing the con- 
centration of iodate may be studied. Suggested quantities are : 


c.c. NatSOt 

c.c. KIO^ 

c.c. H,SO, 

Total. 

10 

X 

20 

400 

10 

2x 

20 

400 ‘ 

10 

3x 

20 

400 

10 

4x 

(N) 

20 

400 


As before, a graph may be drawn, plotting Xji and N. 


(0 



Experiments on the Distribution Law 

When a solute distributes itself between two immiscible solvents 
which are in contact, and the solute has the same molecular condition in 
each solvent, it follows from the Phase Rule that 

- = K (the distribution coefficient). 

C2 

For this law to hold, even approximately, over a fair range of concentra- 
tions, the solutions must all be very dilute. 

(1) Distribution of Succinic Acid between Water and Ether. 

Two solutions of succinic acid are required : one of 5 gm. in 250 c.c. of 
water and the other of 5 gm. in 500 c.c. of water. 50 c.c. of each of these 
are placed in each of two stoppered bottles which are kept standing in 
water at room temperature. To each, 50 c.c. of ether are added and the 
mixtures are shaken at intervals for half an hour. The two layers are 
then separated with a separating funnel and in each case titrated with 
N . . 

j— alkali, using phenolphthalein indicator. The ether solutions are titrated 

in glass-stoppered bottles with frequent shaking. The volumes of alkali (Vj 
and V 2 } used for the two layers are proportional to the concentrations of 
acid in the layers. The ratio Uj/Uj should be found to be very nearly the 
same for the two experiments. 

(2) The Distribution of Benzoic Acid between Water and Ben- 
zene. Solutions of 0*5, 0‘7 and 1*0 gm. of benzoic acid in 100 c.c. of benzene 
(sp. gr. 0'88) are needed. As in experiment (1) these are shaken wMi an 
equal volume of water for about half an hour. The two layers are then 
separated and 10 c.c. portions of the benzene layer are in each case titrated 

N 

with ^ alkali using phenolphthalein. A small glass-stoppered bottle is 
oU 

needed. The aqueous layers are titrated in 25 c.c. portions. Hence the 
N 

volumes Vi and v, of ^ alkali needed for the whole layer are calculated in 
each case. It will be found that in this case 


—p= — constant 

where refers to the benzene layer and Vi to water. 

The explanation is that benzoic acid is largely associated in benzene : 
nCeH. COOH ^ (C.H^-COOH), 

•By applying the law of Mass Action it may be shown that when the 
degree of association is ijearly 1-0 

Cl 

— ^ = constant 

"Vc, 
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(3) The distribution of Iodine between Water and Benzene. 
Evidence for the complex ion 

Required : 

" N 

potassium iodide (accurately known). 

N 

— sodium thiosulphate (accurately known). 

N 

sodium thiosulphate (accurately known). 


Iodine. 

Benzene. 


The distribution coefficient for iodine in water and benzene can be found 
by shaking 0*5 gm. of iodine with 100 c.c. of water and 25 c.c. of benzene 
for half an hour. The layers are then separated and 5 c.c. portions of the 
benzene layer and 50 c.c. portions of the acpieous layer are titrated against 


— and thiosulphate respectively, using starch indicator. * The 

result may be checked by repeating the experiment, but using 1 gm, 
iodine in place of 0-5 gm. 

To verify the formula L” for the complex ion formed by iodine in 

• • . • N 

potassium iodide solution the above experiment is repeated, using 


potassium iodide in place of water in the two cases. If in each case c, 
represents the concentration in the benzene layer, the concentraticn Cj 
in water of molecular iodine can be calculated from the distribution 
coefficient. If c^' is the concentration in the potassium iodide layer, the 
difference, c^' — represents the amount of iodine used up in forming 
a complex ion. All these concentrations must be expressed in gram- 
molecules per litre (molarities). If we assume the formation of the 
complex ion to be correctly represented by 

1“ + L L” 

we have, for the equihbrium constant : 

II3-] 

[I-] [L] 


♦ Notes. The 5 c.c. pipette must not be used in the mouth, but is 
attached to a filter pump which is only slightly turned on. The titration 
of this benzene solution against thiosulphate must be done very slowly 
and with continued shaking. The dark colour of the benzene solution 
goes at the end point. If starch solution is used it will be found that the 
blue colour goes at each addition of thiosulphate and returns on shaking. 

N 

For titrating the aqueous layer thiosulphate is really essential since 

N 

the litre, using solution, is less than 1 c.c. 
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THE BISTRIBUTION LAW 

To show that this expression does, in fact, give a constant, at least two 

separate experiments are necessary. Using potassium, iodide as before, 

therefore, the distribution of iodine is again studied, this time using* 1 gm. 
of iodine, 25 c.c. of benzene and 100 c.c. of potassium iodide solution. 
A second series of values for Cj, and is then obtained. As before, the 
value of Cj is calculated from the distribution coefficient. • 

In calculating the value of the equilibrium constant in the two experi- 
ments we have, for the molarities : 


Whence : 


[Ij] Cg gm.-mols. per litre. 

[Is""] ^ 2 ' ~ ^2 gm.-ions per litre. 

[I ] tV ~~ gni-'ions per litre. 

(C2'~C2) 

(tV ^*4" Cjjca 




INORGANIC PREPARATIONS 


The preparation of oxides and salts by the ordinary general mt^thods 
has been indicated on page 1. In making a selection of preparations 
by methods employing less familiar reactions, only those preparations 
which yield products in a good state of purity and which do not reqflire 
an excessive time for their performance have been included. Some of 
the preparations may be regarded as -alternatives to others, but so far as 
is possible the student should familiarise himself with every preparation 
described. Many are of interest because they — or the substance formed — 
illustrate some theoretical point. 

Preparations must be regarded as more or less a waste of time and 
material if the chemistry of the whole process is not clearly understood 
in advance. For this reason the notes to the sections and the equations 
given before each preparation should be studied. Much time is saved if 
the parts of apparatus frecjuently wanted are kej>t together. After use 
apparatus should be thoroughly cleaned. Quantities of materials used 
need be weighed only roughly on a sheet of paper, counterpoising with 
a similar sheet. For more than 20 grn. quantities a spring balance is 
useful ; liquids may be weighed in a beaker or flask. Whenever practi- 
cable, however, liquid quantities are given by volume. 

It should be regarded as of the first importance to jireserve a good 
specimen of a jireparation. Ordinary speimnen tubes fitt(‘d with corks 
are satisfactory for solids which can be exposed to air. In other cases 
the specimens should be sealed. A soft glass test tube should be heated 
at its mid-point in a hot flame and, when thoroughly soft, withdraw?! and 
drawn out carefully to produce a constriction one or two inches in length. 
When projierly made such a tube is both easily filled and easily sealed 
with the Bunsen flame. 

SECTION 1 . HALIDES 

The halides of the elements include typical electro valent salts such 
as the alkali halides, and tyjncal covalent compounds such as the sulphur 
and phosphorus halides. Intermediate in character are such halides as 
arsenic and antimony trichlorides which exhibit both characters to some 
degree. 

It will be noted that the reactions of certain halides indicate an expan-, 
sion of the outer shell of electrons beyond the octet which is characteristic 
of the typical elements. 

E.g. ^ PCI3 -f Cl, = PCI, 

Sidgwick has discussed this question of the covalency maxima of the 
eleiients (Speakman, Vakency, Chap. XI), and shown that it may be 
regarded as a property of the jieriod of the Periodic Table in which the 
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( 

element occurs. 'The general conclusion is that for elements in the second 
short and first long periods the maximum covalency ^s 6, and for the 
remaining elements it is 8. 

Some instances are well known, in wliich an element consistently 
exhibits a valency which is lower than the maximum associated with its 
Periodic group. The tcrvalence of bismuth is an example. This is 
attributed to a peculiar inertness of a lone pair of electrons which for 
practical purposes seem, in bismuth, to have become part of the under- 
lying electronic structure or core. It will be found, on examining the 
problem more closely, that the inert pair (e.g. of Pb and Bi) belongs to 
a different sub-group (6s) from the ionised electrons which occupy the 
6p sub-group. Speakman’s Valency and Modern Atomic Theory may 
be consulted. 

In view of the impossibility any longer of dismissing the valency of an 
element by a mere number, it will be necessary to refer to the core or 
arrangement of electrons beneath the valency grouj). For a fuller account 
of the conditions affecting the valency exhibited by an element theoretical 
works must be consulted. It may simply bo remarked here that variable 
valency may be ascribed to any of the following factors : 

(a) Utilisation of a lone pair in co-ordination, e.g. Nllg and [NH4]^. 

(h) Accepting a lone pair in co-ordination, e.g. AlClg and [A1CI4]~. 

(c) Utilisation of a lone pair in forming two covalencies, e.g. 
PCls and PCI5 (expansion of the octet). 

{d) Electrons withdrawn from or absorbed into the core, 
e.g. Fe"^^ which has the core 2, 8, 14, (2) 

Fe+'^+ which has the core 2, 8, 13, (3) 

' in which the valency electrons are shown in brackets. This is 
characteristic of “ transitional elements.” 

Anhydrous Aluminium Chloride. 

A number of anhydrous metallic chlorides may be made by heating 
the metal in chlorine : AICI3, SnCl4, FeClg, CrClg, MgClg, or in HCl gas : 
SnClg, FeCla, MgCla- Of these the chlorides of magnesium and chromium 
are not sufficiently volatile to be driven out of a combustion tube by 
heating. 

Required : 

A supply of dry chlorine. , 

About 25 gm. coarse aluminium powder. 

The apparatus shown in Fig. 29 consists of a wide combustion tube 
heated by a combustion furnace. The tube protrudes at one end into 



Fio. 29. 
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a wide-necked bottle, but this unhcated length must be* as short as pos- 
sible since the chjoriJe is to be sublimed into the bottle. A calcium 
chloride exit tube must be fitted and the experiment is done in the fume 
chamber. Alternatively, a tube is led from the exit tube out of the window 
so as to take away the excess chlorine. The aluminium powder is placed 
in the tube in an even layer and a plug of glass wool or asbestos is used to 
prevent the powder being carried into the bottle by the gas stream. 

All air must be displaced by the chlorine before heating is commenced. 
Heating then should be gradual at first and finally sufficiently strong to 
cause the chloride to sublime over (at 183° C.). The reaction is exo- 
thermic. When the metal has been converted into the chloride or suffi- 
cient chloride has been collected a slow stream of gas is continued while 
the tube cools. The product is then immediately sealed up in a glass tube 
or placed in a well-stoppered bottle. 


Ted. 

Make a little aqueous solution of aluminium chloride. Test the solution 
with litmus paper : there is extensive hydrolysis with the formation of 
colloidal aluminium hydroxide. Add litmus solution and then make 
the solution alkaline by adding ammonium chloride and hydroxide. 
The aluminium hydroxide carries down the litmus as a “ lake,’’ leaving a 
clear solution. 

Note. Aliiniinium chloride is solubl(‘ in many organic solvents, i.e, 
it IS a covalent compound. In the vajiour state it is dimeric : AlgCla. 
This IS attributed to co-ordinatioii : 


Cl 

Cl 


.Al< ^Al. 


.Cl 

^C1 


Cf. AuBrg, FeClg. The anhydrous chloride readily absorbs ammonia and 
the compound H^N -> AICI3 can be distilled above 400° C. 

Stannic Chloride. 

Sn -f 2CI2 = SnCl^ 

Required : 

10 to 20 gm. tin (granulated or foil), supply of dry chlorine. 

The apparatus (J'lg. 30) is set up in an efficient fume chamber. A 
small bolt-head flask (100 c.c.) is a convenient reaction vessel. A reflux 
condenser and delivery tube for chlorine are inserted through the cork, 
which may be waxed. All the apparatus must be clean and dry. 

The tin is placed in the reaction vessel and chlorine (dried by bubbling 
through conccyitrated sulphuric acid) is passed in. The excess escapes up 
the condenser. After a few minutes the tin begins to melt under the 
heat of the reaction. It is tome time, however, before a visible quantity 
of the liquid cliloride is formed. It is unnecessary to heat ; it may be 
desirable to cool the flask in a beaker of water since the chloride boils at 
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114° C. The chlorine stream must be maintained for a considerable time 
if all the tin is to be converted into chloride. 

Redistillation of the stannic chloride is in- 
convenient on account of the dense fumes 
produced immediately the reaction vessel is 
opened. It will usually suffice to seal up the . 
liquid product in a stout glass tube prepared in 
advance. The substance is used as a smoke in 
chemical warfare, and the vapour should be 
avoided. 

Ao/e. The ready hydrolysis of this com- 
pound is in contrast with the stability of carbon 
tetrachloride in water. This is attributed to 
the fact that the covalency maximum for carbon 
IS 4, whereas for tin it is 8 : 

0 -'“ 

leads to Sn(0H)4 -\- 4HC1 

cf/. '■ 

The carbon atom appears not to be ojien to 
attack in this way. 

Stannic Iodide. 

Sn -j- 21 o = SuL 



Required : 

1(X) c.c, dry carbon tetrachloride. 

6 gm. iodine. 

1-3 gm. tin. 

Carbon tetrachloride from the bottle must be thoroughly dried by 
standing overnight in a stoppered flask with anhydrous calcium chloride. 
100 c.c. of this are measured into a 250 c.c. round-bottomed flask fitted 
with a reflux condenser and heated on the water bath. The iodine and 
tin are added and the mixture heated until no further change can be 
observed (about 1 hour). The solution is then decanted from any 
unchanged tin into a distilling flask. The volume oi the solution is then 
reduced to about one-half by distilling off carbon tetrachloride on the 
water bath. Crystals of stannic iodide separate on standing and may be 
filtered off. They should be washed with a little cold dry carbon tetra- 
chloride. The red solid melts at 144° C. 

Dry cliloroform or alcohol (dried over anhydrous sod,ium sulphate) 
may be substituted for carbon tetrachloride in this preparation. The 
experiment is essentially an alternative to the preceding one. Stannic 
iodide, although a solid, is a covalent compound and is soluble in organic 
solvents, It is hydrolysed in water. 
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Antimony Trichloride and Oxychloride. 

. . Sb*,S, + 6HC1 ='eSbCl, + 3HjS 

Required : 

50 gm. powdered antimony sulphide (stibnite). 

Concentrated hydrochloric acid. 

In the direct method of making antimony trichloride by passing 
chlorine over antimony (at the ordinary temperature) some antimony 
pentachloride is also formed. The compound is more conveniently made 
from the natural sulphide. 

The powdered stibnite is heated with 200 c.c. of concentrated hydro- 
chloric acid in a litre flask placed on a water bath or sand bath. This 
process must be carried out in a fume chamber since hydrogen sulphide 
is evolved. The mixture must be shaken at intervals until nearly all the 
solid has disappeared. The hot solution is then filtered through some 
glass wool into a large evaporating basin. Evaporation on the water bath 
is continued (in the fume chamber) until the volume has been reduced to 
about one-third. On allowing the solution to cool a little lead chloride 
may separate. The solution, which is usually yellow owing to the presence 
of ferric salts, is then decanted into a clean dry retort fitted with a 360° C. 
thermometer and containing a few pieces of broken earthenware. 

On distilling, the solution hydrochloric acid comes over first, then a 
mixed distillate of the acid with antimony trichloride and finally the 
trichloride alone (b.p. 230° C.). Three or four clean dry flasks are used as 
receivers to collect these separate fractions. The trichloride can be 
recognised from the boiling point and the fact that it solidifies in the 
receiver (m.p, 72°). On account of its ajipearancc it was at one time cabled 
“ butter of antimony.” 

On pouring the middle portions of the distillate into a large volume of 
water the oxychloride may be prepared. It may be washed by decanta- 
tion and dried on a porous plate in a desiccator. 

0 

SbClj + HjO = Sb<( +2HC1 

A little oxide may Jie present in the specimen : 

2SbOCl + H^O - SbjOg -f- 2HC1 

Tests. 

1. Dissolve a little antimony trichloride in a solution of tartaric acid 
or sodium hydrogen tartrate. On diluting with water no precipitate of 
oifychloride is.obtained since the complex salt is stable. 

2. On adding caustic soda to a solution of the trichloride in dilute 
hydrochloric acid a white ^ecipitate of the hydroxide is first formed, 
but this redissolves in excess alkali, showing that the hydroxide ie 
amphoteric. 
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Phosphorus Trichloride. 

2P -f 301, = 2PC1, 

Required : 

10 gm. yellow phosphorus. 

Supply of dry chlorine. 

sand bucket should be available in case of fire through*" 
breakage of apparatus. 

The apparatus shown in Fig. 31 must be clean and dry, and it should 
be set up in a fume chamber. Alternatively a lead from the calcium 
chloride exit tube must be taken out of the window. The chlorine used 
in the experiment must be washed by passing it through a wash bottle 
of water and then dried by passing through two bottles of sulphuric acid. 

A little sand is placed in the retort to prevent excessive local heating. 
The air in the apparatus should be displaced by a stream of carbon dioxide. 



Phosphorus may be weighed in a small beaker containing a little water 
and already counterpoised. It should be cut under water into small 
pieces which will pass through the neck of the retort. These are dried 
by gentle pressure between several thicknesses of filter paper before being 
dropped in. The phosphorus is on no account touched with the fingers. 

Before commencing to pass chlorine it must be noted that the delivery 
tube should end near the middle of the retort. If it is too high phosphorus 
pentachloride will condense as a crust in the neck and tiibulus ; if it is 
too low phosphorus is vaporised in the flame of burning chlorine and 
condenses as a yellow-brown deposit on the sides. 

The phosphorus catches fire immediately the chlorine is passed or on 
gentle warming, but it is usually the chlorine which forms a flame in the 
phosphorus vapour after a few minutes. Oily drops of the trichloride 
collect in the receiver. When no more comes over the product is redis- 
tilled with a Liebig condenser which is ready to be attached to the arm 
of the receiver. Phosphorus trichloride comes over between 70° and 80°. 
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The pure liquid boils at 75° C. It fumes strongly in air and must be 
sealed up. 

Xest. 

Add a few drops of phosphorus trichloride to about 50 c.c. of v^ater 
in a beaker. The progress of the hydrolysis can be easily followed. When 
B^t is complete the solution should be tested for the presence of chloride 
ion. The reducing action on mercuric chloride solution should also Ub 
noted : 

Hydrolysis : PCI 3 -f SHaO = H 3 PO 3 -f 3HC1 

H 3 PO 3 + 2 HgCl 3 4 - HaO = H 3 PO, -f HgaCla + 2HC1 
Sulphur Monochloride. 

2 S 4 - Cla = SaCl* 

Required : 

30 gm. flowers of sulphur or powdered roll sulphur. 

Supply of dry chlorine. 

The reaction of sulphur with chlorine produces the monochloride 
SaCla and some dichloride SClj. The sulphur is kept molten in a retort. 
Except for the condenser, which is omitted, the apparatus is the same as 
that for phosphorus trichloride. The chlorine must be dried by passing 
through sulphuric acid. 

The sulphur in the retort is not heated until the air in the apparatus 
has be/ 3 n displaced by chlorine. The bottom of the retort is then evenly 
heated with a naked flame, especial care being taken until the sulphur is 
all molten. The reaction is not vigorous and the red distillate collqpts 
slowly in the cooled receiver. When enough has been collected a gram or 
two of sulphur is added and the small distilling flask is fitted with a ther- 
mometer (360° range) and an air condenser, so that the product can be 
distilled. The monochloride distils over between 135° and 140° C., the 
dichloride being largely reduced by the excess sulphur. The distillate is 
amber coloured and fumes in air. It must be sealed up in a glass specimen 
tube. 

Test, 

A few drops of the monochloride are added to about 20 c.c. of water 
in a boiling tube. The hydrolysis is hastened by warming, and when 
complete, chloride ion may be shown to be present. 

2 S 2 CI 2 + 2 H 3 O = 4HC1 4 - SO 3 4 - 3S 

: The reaction with caustic soda solution is rapid. The evidence indicates 
that the compound has the formula : 

• ' • Cl— S— S— Cl 

Phospliorus Oxychloride,* 

This compound and the two following compounds are included in this 
section, although they might have been classified separately as acid 
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chlorides. They are covalent compounds in which the chlorine atoms ar< 
attached to an atom which is also attached to oxygen, 

3 PCI 3 + KCIO 3 - KCl 4- 3 POCI 3 

« Required : 

12 gm. potassium chlorate. 

25 c.c. phosphorus trichloride. 

A 250 c.c. distilling flask is fitted with a dropping funnel and the sidi 
arm is connected with a filter flask fitted with a calcium chloride exit tube 
The filter flask, which serves as a receiver, is cooled by cold water. Al 
the apparatus must be thoroughly dry. 

The finely powdered potassium chlorate is placed in the flask and th 
phosphorus trichloride run in drop by drop from the dropping funnel 
It may be necessary to heat the flask gently to start the reaction, but one 
started heat is evolved and some phosphorus trichloride may distil ove 
into the receiver (b.p. 75° C.). If this happens it should be returned t 
the dropping funnel. 

When all the trichloride has been added the flask is heated evenly wit 
a Bunsen flame. The dropping funnel is replaced by a thermometer an^ 
the fraction boiling between 106° and 110° is collected separately. Th 
pure oxychloride boils at 108° C. It fumes in air and must be sealed u 
in a glass tube. 

Test. 

On adding a little of the oxychloride to water hydrolysis takes place 
POCI3 4- 3H2O - 3 HC 1 4- H3PO4 
Sulphuryl Chloride. 

SO3 4- CI3 - SO3CI3 

Required : 

50 gm. camphor. 

Supply of dry chlorine. 

Supply of dry sulphur dioxide. 

The two gases combine in the presence of a catalyst, which may 1: 
either camphor or active charcoal. The camphor, used here, is placed i 
the flask A shown in Fig. 32. 

To begin with the water bath contains cold water. Sulphur dioxid 
is led into the apparatus for about ten minutes, and this is largely absorbe 
by the camphor. When a supply of chlorine is used in place of the sulphi 
dioxide the reaction commences and a little liquid collects in the flask I 
Both gases may now be admitted together and at about equal rate 
Some sulphuryl chloride may distil over into the receiver. When sufiiciei 
has been formed it is all distilled over by raising the temperature of tl 
water in the water bath. 

The crude product which is collected reeds to be redistilleu. Tl 
receiver is accordingly fitted with a thermometer and a condenser. Tl 
distillate, which comes over between 65° and 72°, is collected and seale 
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up. The compound fumes very strongly in air, and it fs very desirable 
that it should always handled in the fume chamber. 

The camphor should be preserved for another occasion in a well- 
stoppered bottle. 


\S02 



A few drops of sulphuryl chloride, added to eold water, undergo raj)id 
hydrolysis. The solution should be tested for the presence of both sulphate 
and chloride ions. 


SO^CL + 211,0 = -f 2HC1 

Chromyl Chloride. 

This compound is exactly analagous to the preceding one and bears 
the same relation to chromic acid HjCrO^ as sulphuryl chloride does to 
sulphuric acid. 

KA 2 O 7 + 4NaCl -f 3 H,S 04 = 2CrO,CL + K^SO* + 2 Na,S 04 

-f- SHjO 

Required : 

25 gm. sodium chloride. 

30 gm. potassium dichromate. 

40 c.c. concentrated sulphuric acid. 

The potassium dichromate and salt are first powdered together in a 
mortar and th5n fused on an iron sand tray. When cold the solid mass is 
returned to the mortar an(^ finely ground. It is then transferred to a 
medium-sized retort fitted with a dropping funnel and a Liebig condenser. 
The apparatus must be set up in the fume chamber. The method of 
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receiving the distillate is as shown in the figure for phosphorus trichloride 
(p. 140). , 

The sulphuric acid is placed in the dropping funnel and run very slowly 
into the retort. Some hydrogen chloride and a little red distillate are 
formed. When all the acid has been added the retort is carefully heated. 
Hydrogen chloride and chlorine escape from the exit tube and more red 
d'stillate comes over. When no more distillate is seen to be formed the"" 
receiver is fitted with a thermometer and connected with the Liebig con- 
denser so that the crude product can be redistilled. The fraction which 
distils between 112° and 120° should be preserved in a strong glass tube 
well sealed up. The liquid resembles bromine in appearance. It fumes 
in air and is hydrolysed by water. 

Test. 

A few drops of chromyl chloride are allowed to react with 5 or 10 c.c. 
of water in a test tube. When the heavy oil has disappeared the yellow 
solution should be tested for the presence of chloride ion. 

CrO.Cla -f 2 H 2 O = 2HC1 -f H,Cr04 
A little hydrogen peroxide added to the yellow solution gives an intense 
blue colour due to the formation of “ perchromic acid ” CrOs. 


SECTION 2. SALTS. 

The preparations given here have been selected on the grounds that 
(i) the reactions involved are of interest from the theoretical standpoint, 
and (ii) the salts cannot conveniently be made by the ordinary general 
methods. 

Potassium Bromate. 

Bromic acid, HBrOg, is known only in solution. The sodium and 
potassium salts are readily made by the action of bromine on caustic alkali. 

6KOH 4- 3Br, = KBrO^ -f 5KBr + SH^O 
Required : 

56 gm. potassium hydroxide. 

20 c.c. bromine. 

The caustic potash is dissolved in 250 c.c. of water in a 500 c.c. flask 
heated by hot water to 75° C. The apparatus shohld be set up in the 
fume chamber, and the bromine is placed in a dropping funnel held in a 
stand so that it can be added drop by drop to the alkali. When all the 
bromine has been added the solution is transferred to a beaker or crystal- 
lising dish and allowed to cool. Potassium bromate is much less soluble 
than the bromide, which is also formed and crystallises out in the form 
of hexagonal crystals. After 24 hours these are separated and recrystallis’ed ' 
from about 100 c.c. of boiling water. ' 

The potassium bromide left in the mother liquors from the preparation 
is not wasted but obtained by evaporating to dryness. By gentle ignition 
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the bromate present is decomposed to bromide. Recrystallisation from 
a little hot water gives a purer product. 

Test. 

On gently heating a very small quantity of potassium bromate with 
an equal amount of crystalline oxalic acid in a test tube, a violent reaction 
takes place. Bromine and hydrogen bromide are among the products. 
If the experiment is performed with potassium chlorate the yellow gas 
chlorine dioxide is formed : 

2HCIO3 4- H AO4 = 2CIO2 d- mfi -f 2CO, 

Bromine dioxide cannot be made by an analogous method. 

Sodium Thiosulphate. 

The oxidation of sodium sulphite to sodium thiosulphate is exactly 
parallel to the oxidation to sulphate. The relation of the sulphate and 
thiosulphate is : 

(cf. p. 4 ). 

Required : 

30 gm. sodium sulphite NagSOa.THjO. 

10 gm. flowers of suljfliur. 

The sulphite is dissolved m 200 c.c. of water and the solution is heated 
just below its boiling point with the sulphur. It is essential to stir the 
mixture frequently. After about one hour the sulphur is mostly taken 
up by the solution which is no longer alkaline to litmus paper. At this 
stage the solution is filtered from excess sulphur and concentrated by 
evaporation to about 30 c.c. The cold solution may require seeding with 
a crystal of the salt to induce crystallisation. The crystals, NajSjOg’bHgO, 
are then filtered off. If desired, a purer specimen may be made by 
recrystalhsation from 25 c.c. of hot water. 

Na^SOg + S = Na.SgOs 

Tests. 

1. A little silver chloride may be made by mixing silver nitrate and 
sodium chloride solutions. After decanting the solution from the precipi- 
tate it will be foun^ that an excess of sodium thiosulphate solution will 
dissolve the silver chloride. The formula Na5[Ag3(S203)4]2H20 has been 
given to one of the soluble complex salts formed. 

2. If one or two drops of bench hydrochloric acid are added to a little 
sodium thiosulphate solution a milky precipitate of sulphur is formed 
after a short delay. 

If this test is repeated and one or two drops of methylene blue solution 
are aidded immediately aft#r the bench acid the dye is decolorised, pre- 
sumably by the acid H2S2O3 which cannot be isolated. Sulphurous acid 
will not decolorise methylene blue. 

M.P.O. 


2Na+ 


V 

0 / 


2 Na+ 


X 


L 
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Potassium Permanganate. 

In this preparation the oxide I^JnOj is convefted into a oompouna 
which is a derivative of the oxide MnjO;. The basic character of the 
dioxide is weak ; it is entirely lacking in the heptoxide, which is purely 
acidic. The change in valency here is due to the coming into play of the 
electrons in the M. orbit. The fact that this is readily reversed accounts 
fo^ the powerful oxidising action of potassium permanganate. 

The oxidation is carried out in two stages : 

(i) 6 KOH + 3MnO, + KCIO 3 = SK^MnO* + 3H,0 -f- KCl. 

(ii) 2 K 2 Mn 04 + Cl, = 2KC1 -f 2 KMnO, 

potassivim potaaeiTun 

manganate permanganate 

Required : 

20 gm, potassium hydroxide. 

10 gm. potassium chlorate. 

25 gm. manganese dioxide (pyrolusite). 

The potassium hydroxide and potassium chlorate are first melted 
together on a sand-tray or in a fireclay crucible. The manganese dioxide 
is then stirred in without further heating until all has been added. Heat 
is produced by the reaction of the acidic oxide and the molten alkali, and 
the melting point of the mixture rises. When all the manganese dioxide 
has been added the mass is heated to dull redness for ten minutes. A dark 
green mass of potassium manganate is obtained (first equation). 

When the mass is cool the iron tray is hammered underneath to loosen 
the solid, which is then chipped off. It is powdered in a mortar and then 
boiled with 300 or 400 c.c. of water. This extracts the manganate from 
the »Tesidue of unchanged manganese dioxide. The mixture must be 
well stirred to prevent bumping. The hot solution is next filtered through 
some glass wool packed fairly tightly in a large funnel and a little hot 
water may be used to extract the soluble material in the sediment. 

The solution is then placed in a large flask and heated on a sand-tray 
in the fume chamber, while a slow stream of chlorine is bubbled through 
it. This oxidises the manganate to permanganate (second equation). 
If preferred carbon dioxide may be used in place of chlorine since man- 
ganates are stable only in alkaline solution : 

3 KaMn 04 -f 2COa = 2KMn04 + MnO^ -i 2K2CO3 
In this case the solution must finally be filtered again. In either case a 
, dark purple solution of potassium permanganate is obtained and this 
must be slowly evaporated in a large evaporating basin on the water bath 
until only 20 to 30 c.c. of solution remain. Fine needles of the salt form 
on standing. These are drained on a porous plate and not filtered on 
filter paper, since the paper causes reduction of the compound. 

Tests. i 

, 1 . If concentrated sulphuric acid is added drop by drop to a little 

potassium permanganate in a beaker a dark green solution is formed in 
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the cold. *On warming very slightly a dark purple vapour (MugO,) is pro- 
duced, but this almo^ immediately* decomposes violently and a cloud of 
manganese dioxide is formed. The oxide Mn 207 is the anhydride of 
permanganic acid. 

2. The powerful oxidising properties of potassium permanganate may 
be demonstrated by adding one or two drops of glycerol to a little of 
the solid on a white tile. After a few moments the glycerol is ignited 
brilliantly. 

Potassium Chlorochromate. 

The relation of this salt with chromyl chloride is shown by the formulae. 
The free acid is unknown. 



chromyl potassium 

chloride chlorochromate 

Required : 

10 gm. potassium dichromate. 

Concentrated hydrochloric acid. 

Kfii.O, -f 2HC1 - ‘iKCrOgCl + H^O 

The potassium dichromate is ground to a fine powder and placed in 
a porcelain evaporating basin. About 10 c.c. of concentrated hydrochloric 
acid is then added, and the mixture is heated over a small flame to about 
60°. A thermometer is used as a stirrer. More hydrochloric acid is added 
at intervals until a clear dark red solution is obtained. The solution is 
then covered with a watch glass and left to crystallise for 24 hours. Dark 
red crystals of the salt separate, and are best drained on a porous plhte. 
The solid cannot be washed with water (owing to hydrolysis) or with 
alcohol (which would be oxidised). The crystals are finally sealed up 
in a glass tube. 

Cuprous Chloride. 

Cupric salts may be reduced to the cuprous condition, but soluble 
cuprous salts change back rapidly in water : 

2Cu+ ^ Cu++ -f Cu 

The cuprous condition is stabilised by the formation of complex ions 
[CuClj]* and [CuClg] . Cuprous chloride is soluble in concentrated 
hydrochloric acid, but sparingly soluble in water. 

CuClg 4- Cu = 2CuCl 

Required : 

10 gm. cupric chloride. 

15* gm. copper turnings. 

IJ litres of boiled distilled water. 

The cupric chloride is dissolved in 250 c.c. of concentrated hydro-* 
chloric acid by warming. The copper turnings are added and the mixture 
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boiled gently for about quarter of an hour in the fume chamber.' The hot 
solution is then decanted into a litre of cold boiled distilled water contained 
in a tall measuring cylinder. A few crystals of sodium sulphite may be 
dissolved in this water before the cuprous chloride solution is added, since 
this hinders oxidation. A white precipitate of cuprous chloride is formed. 
This is washed by decantation with some more boiled water (containing 
a Htle sulphite and acidified slightly). Finally, the precipitate is washed 
on the filter at the pump, using for this purpose a little alcohol. It is then 
quickly transferred to a porous plate which is placed in a desiccator con- 
taining concentrated sulphuric acid. It must be kept in a well-stoppered 
bottle. 

Chromous Acetate. 

The valency of chromium m potassium dichromate is 6 ; this (maxi- 
mum) valency depends on the employment of 3d. electrons. The chromous 
ion is divalent. Chromous salts are in general blue ; chromous acetate 
is exceptional in being red. 

The reduction takes j)lace in two stages : 

K2Cr20, -f 8HC1 -f 6H - 2KC1 + 2CrCl3 -f 7H,0 
CrCla + H = CiCk 4 - HCl 

(this formulation rests on the assumption that reduction is due to nascent 
hydrogen). 

Required : 

25 gm. potassium dichromate. 

40 gm. granulated zinc. 

150 c.c. concentrated hydrochloric acid. 

50 gm. sodium acetate. 

200 c.c. cold boiled water. 

The potassium dichromate and zinc are placed in a litre flask, which 
is fitted with a dropping funnel and a delivery tube which dips below the 
surface of some water in a beaker. The entry of air is thus prevented. 
Through the funnel a mixture of 100 c.c. of water and 150 c.c. concentrated 
hydrochloric acid is added gradually. A vigorous reaction takes place, 
hydrogen is evolved and the dark green colour of the Cr+++ ion is seen 
before giving place to the blue colour of the Cr++ ion. When the reaction 
is over and the solution is blue it is poured quickly through a Buchner 
filter into a solution of 50 gm. sodium acetate in 350 c.c. of water. Double 
decomposition takes place : 

CrCla -f 2 CH 3 COONa = 2NaCl -f (CHgCOOgCr 

The red acetate is precipitated. This is filtered off at the pump and 
washed with cold boiled water. It is drained on a porous plate and 
quickly bottled in the moist condition. The a mpound is oxidised quite 
•apidly in air. Other chromous salts can conveniently be made from the 
acetate. 
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Potassium Persulphate. 

In electrolysis of absolution containing SO4 ions, e.g. sodium sulphate 
or sulphuric acid, the electrode potential necessary for the discharge of 
these ions is not usually reached. Instead OH~ from the water are dis- 
charged. Using a sufficiently high current density it is possible to bring 
about anodic oxidation of the sulphate ions : 

2SOr' - 2e = SaOg— 

Required : 

Sulphuric acid sp, gr. 1-3 (51 gm. of concentrated sulphuric acid 
in 100 c.c. of solution). 

Potassium sulphate. 

The electrolysis cell shown in the figure 
should be set up. The cathode consists of 
platinum wire wound on a piece of wide glass 
tubing. Through the cork passes a piece of 
ordinary glass tube, into the closed end of 
which is a short piece of platinum wire. 

This should project about 1 cm. Contact 
with the anode is made through a little 
mercury. The large beaker contains ice and 
water. 

Enough sulphuric acid to fill the boiling 
tube IS saturated with potassium sulphate 
at between 0° and 5° C. This solution is 
the electrolyte. A six-volt supply is then 
connected with the electrodes, an ammeter 
being included in the circuit. A current 
density of about 1 amp. per square cm. is 
needed and if a rough calculation shows 
that this is not attained the current must 
be increased suitably. 

Shortly after switching on the current small crystals of potassium per- 
sulphate begin to separate at the bottom of the tube. After about half 
an hour there should be enough of the solid to collect on a porous plate. 
Potassium persulphate is only sparingly soluble. The crystals should be 
washed with a littlf alcohol and ether and dried on filter paper. 

Note. A solution of potassium persulphate gives most of the reactions 
of a solution of hydrogen peroxide, but it does not decolorise potassium * 
permanganate solution nor does it give a yellow colour with a titanic salt 
or a blue colour with chromic acid. 

SECTION 3 . DOUBLE SALTS AND SALTS CONTAINING 
• COMPLEX IONS 

Double salts conform to the law of constant proportions, but they* 
exist only in the solid state. Their solutions contain the ions of the simple 
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Balts from which they are formed. Complex salts give either 'anions or 
cations which are composite and cai?not be split dp into simpler com- 
ponents without complete loss of identity. Examples of complex ions are : 

Anions. Cations. 

[Fe{CN).]— [Cu(NH,),]H-+ 

[Fe(CN),] [Cr(NH, ).€]]++ 

[SiF.l- [Co(NH, ),]+++ 

The successful preparation of double salts depends on the crystallisa- 
tion of a solution containing the two component salts in the requisite 
proportions, e.g. 

FeSO, -f (NH,) 2 S 04 -f 6 H 2 O = FeS 04 -(NH 4 ) 2 S 04 - 6 H ,0 
Some complex salts may be made just as simply. The fact that some 
complex salts are partly dissociated in solution means that there is no 
sharp distinction between the two classes. Complex ion formation is 
a property which is well distributed in the Periodic Table, but it is par- 
ticularly well marked in the so-called “ transition elements.” The colour 
associated with the simple ions of these elements is also found in their 
complex ions, but the colours are not usually the same. 

An important feature of complex ion formation is the stabilisation of 
otherwise unstable valency groups. This is well marked in the case of 
tri valent cobalt, and monovalent copper salts. The complex salts 
derived from these are in many cases quite stable. 

Nickel Ammonium Sulphate. 

This is regarded as a double salt with the formula 
NiS04-(NH4)2S04*6H20. 

The solution has all the properties of the two separate salts, and there 
does not appear to be any complex ion formatjon. 

Required : 

50 c.c. concentrated sulphuric acid. 

50 gm. nickel carbonate. 

Ammonia solution (sp. gr. 0-88). 

The sulphuric acid is first added to 150 c.c. of water, and the dilute 
solution is divided into two equal parts. One of these is neutralised by 
the addition of nickel carbonate. About 50 gm. are needed, but a slight 
excess should be added and the mixture finally warmed. The clear 
solution is then decanted or filtered at the pump from the excess solid. 

The other portion of sulphuric acid is next neutralised by the addition 
of strong (0*88) ammonia solution. About 60 to 70 c.c. will be required. 
The two solutions arc then mixed and left to crystallise. A few c.c. of 
dilute sulphuric acid should be added to the mixed solution ,as this mini- 
mises the risk of partial hydrolysis of the nickel salt. The crystals are 
finally drained and dried between pieces of filteV paper. Recrystallisation 
‘from a little water acidified with dilute sulphuric acid is necessary to 
obtain a specimen of the greatest purity. 
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Pentammino-dinickel Sulphate. 

This salt, with the formula []!^(NH3)5Ha0]S04,NiS04-6Hj0 is the 
most easily formed of the nickel ammines. 

2NiS04 -f 5NH, + 7H,0 = [Ni(NH,)4Ha0]S04,NiS04-6Ha0 

Required : 

50 gm. nickel sulphate. 

Ammonia solution (sp. gr. 0*88). 

Ice. 

50 gm. of nickel sulphate are dissolved in 50 c.c. of water by warming. 
The solution is cooled quickly to 5° or 10° by surrounding it with ice and 
water and then, before crystallisation commences, 100 c.c. of strong 
ammonia solution are added in small portions, the mixture being shaken 
and kept cool. The solution goes a dark violet colour, but the violet 
precipitate formed by the ammonia as it runs in, redissolves on shaking. 
To obtain the solid complex salt 50 c.c. of industrial alcohol are floated on 
the surface of the solution with the helj) of a pipette. On standing over- 
night a quantity of the violet crystals separate and can be filtered at the 
pump. The solid is washed with a little dilute alcohol and dried on a 
porous plate or between pieces of filter paper. 

Chrome Alum. 

The alums are double salts containing a great deal of water of crystal- 
lisation, which appears to be held only loosely m the crystal lattice. The 
general formula is M2S04-M./(804)3*24H20. 

Required : 

25 gm. potassium dichromate. 

15 c.c. concentrated aul{)huric acid. 

A supply of sulphur dioxide. 

Ice. 

This double salt may be made by crystallising a solution containing 
equimolecular parts of the two components, K2SO4 and Cr2(S04)3. It is 
essential, however, not to heat the chromic sulphate above 70° C. since 
a non-crystallisable salt with the formula [Cr40(S04)4]S04 is formed. 
To get a solution of sufficiently great concentration of both salts, there- 
fore, without heating, the reduction of pota.ssium dichromato is the best 
method : • 

K^CraO, -h H2SO4 + 3SO2 - K2SO4 -I- Cr 2 (S 04)3 -f H^O 

The dichromate is dissolved m 100 c.c. of warm water and then cooled * 
before adding the concentrated sulphuric acid. It must then be cooled 
below 30° before passing sulphur dioxide, and during the reduction the 
temperature^ must be kept below 40°. For this purpose a measuring 
cylinder standing in an outer vessel containing water is suitable. A slow 
strehm of sulphur dioxuie is then passed, the delivery tube reaching 
nearly to the bottom of the solution. • 

The reduction is continued until a drop of the solution placed on a 
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filter paper shows no trace of orange colour. The dark green solution is 
then placed in a beaker surrounded hj a mixture of Ice and salt. Scratch- 
ing the side of the beaker with a freshly cut glass rod may help to induce 
crystallisation. If no ice is available the solution may be left to stand 
for several days. The crystals are finally filtered off at the pump and 
drained on a porous plate or on filter paper. They are dark purple 
oc^ahedra. 

T^trarnmino- cupric Sulphate (Cuprammonium Sulphate). 

Under the name of cuprammonium sulphate this is one of the best 
known complex salts. Whereas nickel is able to accommodate up to six 
molecules of ammonia or certain other univalent groups around the central 
atom, no complex copper ion is known with more than four. The “ co- 
ordination number ” of copper is therefore four. 

CuSO, + 4 NH 3 4- H 3 O = [Cu(NH 3 ) 4 ]S 04 -H ,0 
Required : 

10 gm. copper sulphate crystals. 

Ammonia solution (sp. gr. 0-88). 

The copper sulphate is dissolved in 50 c.c. of water in a conical flask 
of medium size. Ammonium hydroxide composed of one volume 0*88 
ammonia diluted with two volumes of water is then added slowly until, 
with stirring, the basic copper sulphate first precipitated is redissolved. 
The dark blue solution contains the complex salt, but this cannot be 
crystallised by evajioration since the compound would suffer decom- 
position. It is accordingly thrown out of solution by the addition of 
alcohol, in which it is only sparingly soluble. 

1^1 2 ^ c.c. of industrial alcohol are floated on the surface of the solution 

with the help of a pipette, and the flask is corked and left undisturbed for 
some hours. As the alcohol diffuses into the solution the cuprammonium 
sulphate separates in the form of small dark blue crystals. These are 
filtered at the pump, washed with a little alcohol and dried on filter paper. 
On exposure to air the crystals slowly lose ammonia. 

Potassium Ferrocyanide. 

Sparingly soluble ferrous cyanide is soluble in potassium cyanide 
solution to give the salt potassium ferrocyanide. 

FeS04 + 2KCN = Fe(CN)2 + K^SO* 

Fe(CN)3 + 4KCN = K4[Fe(CN)e] 

Required : 

20 gm. pure ferrous sulphate. 

30 gm. potassium cyanide. 

Note. Potassium cyanide is exceptionally poisonous.^ The warm 
aqueous solution liberates hydrogen cyanide, which is an extremely 
poisonous gas. 

The ferrous sulphate is dissolved in 100 c.c. of cold water by stirring. 
Heat should not be applied since the ferrous salt is easily oxidised to the 
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‘erric state*, A cold solution of 30 gm. potassium cyanide in 100 c.c. of 
vater is then added. ‘Ferrous cyanide is precipitated but, on boiling in 
;he fume chamber for ten minutes, most of the precipitate dissolves up 
n the excess cyanide solution. After standing for two or three minutes 
;he clear solution is decanted or filtered and then evaporated to about 
lalf its volume. The evaporation should be done in the fume chamber. 
Dn standing, the complex salt crystallises. The crystals are separated 
ind then recrystalhsed from about 25 c.c. of water. They have the 
brmula K4Fe(CN)6'3H20. 

Tests. 

1. On addition of potassium ferrocyanide solution to a solution of 
i ferric salt a dark blue precipitate of “ prussian blue ” is formed. If 
:hore is excess of ferric salt the precipitate has the formula Fe 4 [Fe(CN)e] 3 . 
[f there is excess potassium ferrocyanide some soluble prussian blue ” 
s formed : KFe[Fe(CN)6]. 

2. To convert potassium ferrocyanide into potassium ferricyanide 
jhlorme is bubbled through a solution of about 5 gm. of the salt dissolved 
n 20 c.c. of water. 

Fe(CN)e + Cl ^ Fe(CN)« -f- CI" 

VVhen the solution no longer gives a blue precipitate with a ferric salt 
t is evaporated until the ferricyanide begins to crystallise. This has 
[-he formula K 3 [Fe(CN) 8 ] and is poisonous. The solution is slightly 
tiydrolysed. 
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With the compounds of organic chemistry we meet with what are, for 
;he most part, covalent compounds. Le Bel and van’t Hoff (1874) first 
proposed that the valencies of a saturated carbon atom are directtd 
/owards the apexes of a regular tetrahedron. This fruitful idea of directed 
inks or bonds explains the interest of the organic chemist in structure 
md in the possibilities of isomerism. In general there are none of the 
ntensely strong electrical fields due to ions to be found in the close vicinity 
3 f the molecules of organic compounds. Reactions between such com- 
pounds are accordingly much slower, but it would be a mistake to suppose 
that the force involved in a covalent link is much less than that involved 
in an electrovalent compound consisting of two univalent ions (Speak- 
man, Valency, Chap. VI). Not only are the reactions of organic chemistry 
in the main molecular, but they should be thought of as concerning only 
particular groups or centres, the rest of the molecule being comparatively 
inert. Organic chemistry would be simply the chemistry of certain 
characteristic groups such as — CH,, — CHaOH, ) C = 0 and the rest, 
if it were not that the groups have mutual effects on each other. This 
fact, which has long been known, is receiving considerable theoretical 
explanation, but the subject is usually studied after the student has 
gained a good grasp of the more elementary facts. 

It has been necessary to make a selection of organic preparations 
suitable for an introductory course, but enough have been included to 
cover all the compounds (and their reactions) with which the student'can 
normally be expected to be familiar in the laboratory at this stage. 

It cannot be too strongly emphasised that a good grasp of the prin- 
ciples employed m studying equilibrium through the law of Mass Action 
is essential (sec p. 6). Many of the reactions are reversible and those 
which, in the practical sense, are not, proceed at rates which are governed 
by the ordinary mass law considerations. As Gatterman remarks in his 
Laboratory Methods of Organic Chemistry (1932), a grasp of these theoretical 
principles “ is indispensable to anyone who does not wish to practise 
organic chemistry merely as a culinary art.” 

It should be obvious that cleanliness is just as important here as in all 
branches of chemistry, but there is an unfortunate tradition that organic 
chemistry is necessarily messy. It is true that greater trouble is frequently 
met in cleaning apparatus which has been used for an organic preparation, 
and for this reason suggestions are given in the appendix for the removal 
of tarry residues. Apparatus should, however, not be left in a dirty 
condition, and everything that can be done to reduce the time spent in 
looking for apparatus, pieSes of tubing, rubber stoppers, etc., should 
be done. 

An urgent reminder about the risk of fire may be required. Necessary 
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precautions are given in the text. Unnecessary danger must arise if 
bottles of inflammable and volatile compounds are left on benches or in 
the vicinity of a flame. 

Urea.* 


0 = 



O^C 


.NH, 

NH, 


The method described here is to convert potassium cyanate into 
ammonium cyanate. This then undergoes readily the isomeric change 
into urea (possibly through the intermediate compound isocarbamide) : 


4KCN -f PbaO* == 4KCN0 + 3Pb 
+ 2KCN0 - 2 NH 4 CNO -f K,SO* 
NH4CNO ^ NHaCO NH, 


Required : 

50 gm. potassium or sodium cyanide. 
140 gm. red lead. 

25 gm. ammoniinn sulphate. 


The first step is the. oxidation of the cyanide to cyanate. The solid 
cyanide is melted on an iron sand tray and the red lead is stirred in, small 
quantities at a time. Heat is evolved and the evolution of oxygen causes 
some frothing. When all the red lead has been added and a dark liquid 
melt is obtained, the contents of the iron tray are poured on to a second 
tray and allowed to cool. During solidification the lead formed by reduc- 
tion forms a cake at the bottom. The crude cyanate is separated as well 
as possible, crushed in a mortar and then left to stand for about an hour 
or more in 200 c.c. of cold water. The solution is then filtered and a 
solution of 25 gm. of ammonium sulphate in about 75 c.c. of water 
immediately added. 

At this stage ammonium cyanate is formed, but only temporarily. 
The salt quickly undergoes a rearrangement to urea. At equilibrium more 
than 90 per cent, of urea is formed, and as urea is less soluble than ammo- 
nium cyanate, crystallisation of the solution by evaporating brings about 
complete conversion. The mixed solutions are accordingly placed in 
a large evaporating basin and heated on the water bath to dryness. The 
solid residue consists of urea and potassium sulphate. When dry this is 
transferred to a small flask fitted with a reflux condenser and heated on 
a water bath. A little animal charcoal is added (2 or 3 gm.) and then 
three or four successive quantities of about 50 c.c. of industrial alcohol 
are used to extract the urea. The separate extracts are filtered hot through 
double filter paper fluted. From the collected filtrate about two-thirds 
of the alcohol is removed by distillation on the water bath and the remain- 


• The first is the ordinary formula. The second is one of two other formulae 
which can be written. The third is the same as the second, but showing the co-ordi- 
nate link on the other N atom. Urea is thought to be a “ resonance hybrid ” and its 
correct representation requires all three formulae. 
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der is left to cool in a beaker. The crystals of urea are then filtered at 
the pump and dried in tfiie steam oven. Yield about 15 gm. m.p. 132® C. 



Fia. 34.— —Flask fitted with Reflux Fio. 35. — Distilling Flask sot up for 
Condenser. Distillation on the Water Bath. 


Note. Urea is the amide of carbamic acid NHgCOOH which, however, 
is known only in its derivatives. It is also clearly related to phosgene 
COClj and can be made from this compound by the action of ammonia. 
Tests. 

1. Like all amides urea gives ammonia when heated with caustic 
alkali. Warm a little of the solid with some caustic soda solution in a 
test tube. Ammonia may be recognised readily. 

2. On heating a little urea in a clean test tube it first melts and then 
decomposes, giving ammonia among other products. The solid residue 
contains biuret, Nlfa'CO-NH-CO-NHj. An aqueous solution of this, 
mixed with a few drops of copper sulphate solution and then made alkaline 
with caustic soda, gives a violet or pink coloration. {“ Biuret test.”) 

3. If a little urea is dissolved in dilute nitric acid and then excess of 
concentrated nitric acid is added, on cooling under the tap urea nitrate 
separates as a well-crystallised salt. 

‘ Determination of the melting point of urea. The melting point of 
a substance is found by heating it in a short length of capillary tube with 
very thin walls in a melting-point bath. The latter is best made of some 
high-boiling-point paraffin heated by a very small flame in a small beaker. 
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An efficient stirrer must be used. A 360° C. thermometer (preferably 
checked against a standard thermometer) is held 'upright in a clamp with 
its bulb in the melting-point bath (Fig. 36). The stirrer is made of fairly 
thin glass rod. It is moved slowly up and down while the temperature 
of the bath is slowly raised. 

Melting-point tubes can be bought, but they are very easily made by 
pulling out a soft glass test tube after it has been thoroughly heated to 
the softening point. Each melting-point tube should be about 8 cm. long 
and about 1 mm. in diameter. One end is sealed by holding it in the 
outer edge of the Bunsen flame. 

A little finely powdered urea is shaken down the melting-point tube, 
which is tapped on the bench so that a firmly 
packed layer about 1 cm. long is formed at 
the bottom. The filled tube is then placed up 
against the side of the thermometer ; if a little 
paraffin is smeared up the side of the thermo- 
meter for a few cm. the melting-point tube 
will adhere by capillary action. The tem- 
perature of the melting-point bath is then 
slowly raised. It is especially important that 
the rate of rise should be slow over the 5° or 
10° before the expected melting-point. The 
temperature at which the solid liquefies is easily 
observed if the melting-point tube is in such a 
position that light is transmitted through it. 
If necessary a second determination is carried 
out after the bath has cooled sufficiently. The 
temperature of solidification of the liquid 
substance is never used owing to the effect of 
supercooling. 

Mixed melting points. When a substance is 
already identified a melting-point determina- 
Fig, 36. tion serves as a test of purity since, as a general 

rule, an impure specimen melts at a lower 
temperature than the pure substance. When engaged in identifying a 
substance one frequently finds a mixed melting-point determination of 
great value. Thus urea melts at 132° C., benzamide CeHsCONHj at 128°. 
To make sure that a solid, m.p. 128°, is benzamide and not an impure 
specimen of urea a mixed melting point with (o) benzamide, and then 
(b) urea, should be performed — the second one only if the result of (a) 
shows that the substance is not benzamide. 

To make a mixed melting-point determination three jtn.p.-tubes ^re 
needed. A is filled with the unknown substance, B with pure benzamide, 
C with a roughly 50 per cent, mixture of the two. These are mbunted 
side by side and observed together as the temperature is slowly raised. 
If A and B contain the same substance all three tubes will give the same 
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melting point, but differing perhaps by 1° if there is a small difference in 
purity. If A and B .contain different substances, even though their 
m.p.s are practically identical, C will give a much lower m.p. or a gradual 
•liquefying vhich takes place over a range of temperature. If, in the case 
mentioned, a mixed melting-point determination gives negative results 
both for benzamide and urea., the unknown substance must be neither 
one nor the other. For a specimen of pure urea mixed with an impute 
specimen the melting point will be intermediate. In such a case it would 
be highly desirable not to do the mixed m.p. until the impure solid had 
been recrystallised. 

Recrystallisation. If the specimen of urea prepared in the foregoing 
exercise does not give the expected m.p. but melts at a lower temperature, 
a purer specimen may be obtained by recrystallisation from a suitable 
solvent. This process is, in fact, usually carried out with any preparation 
prior to taking its melting point. 

A suitable solvent is first found by performing test tube experiments 
on very small quantities of the solid. Water, alcohol, glacial acetic acid, 
benzene and petroleum ether are tried in this order if the best solvent is 
not known. Acetic acid is not used for basic substances. The minimum 
amount of solvent which will dissolve the solid near the boiling point is 
used. On cooling under the tap the solution may deposit crystals, but if 
this does not occur the side of the test tube is scratched with a glass rod. 
If the solvent is alcohol or acetic acid the addition of a drop or two of 
water may assist, and it may subsequently be found that dilute alcohol 
or acetic acid is the best solvent. Water is never added to solvents with 
which it does not mix. 

When working on a fairly small scale, recrystallisation may be carried 
out in a conical flask heated on the water bath. The solvent is added 
a little at a time until there is just sufficient to dissolve the solid at the 
higher temperature. Fairly rapid cooling is preferred, since this gives 
small crystals which are readily filtered and dried. The filtrate (or mother 
liquor) may be distilled to reduce its bulk and recover a further quantity 
of the substance if it is very soluble. This batch will very probably be 
less pure. 

Potassium Ethyl Sulphate. CjHbKSO^, 

The ester, ethyl hydrogen sulphate, formed by the action of concen- 
trated sulphuric acid*on alcohol, is an oily liquid which is very soluble in 
water and readily hydrolysed. It is therefore usual to isolate the com- 
pound in the form of its potassium salt. 

C2H5OH + HaSO* ^ CaH^HSO^ + HgO 

Required : 

35 gpi. (43 c.c.) absolute alcohol.* 

30 gm, (16 c.c.) concentrated sulphuric acid. 

25 gm. potassium *carbonate. 

25 gm. chalk. 


Appendix, p. 216. 
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The alcohol and acid are first mixed in a 250 c.c. round-bottomed 
flask. Whenever these two liquids Are mixed the^ acid must be added in 
small quantities to the alcohol, the flask being well. shaken during the^ 
process. If the addition is too rapid the heat evolved maj cause the 
mixture to boil and at the same time marked darkening of colour due to 
charring of the alcohol will be observed. 

'■ A few pieces of porous earthenware are next added, and the mixture 
is then heated on a wire gauze, a reflux condenser being fitted so that the 
heating may be continued without loss of alcohol. The mixture should 
be maintained at or near its boiling point for about an hour. The liquid 
contains ethyl hydrogen sulphate, unchanged acid and alcohol. When 
cooled it is poured into 200 c.c. of cold water in a large basin. 

25 gm. of finely powdered chalk are then stirred to a thin paste with 
water and added very gradually with steady stirring. The excess sulphuric 
acid is converted to insoluble calcium sulphate. Calcium ethyl sulphate 
remains in solution The mixture is then filtered at the pump, using 
a large Buchner funnel, and the filtrate is returned to the basin. The 
potassium carbonate, dissolved in water, is then added very carefully 
until the solution is just alkaline. This converts the calcium salt into 
the potassium salt and chalk is precipitated. The mixture is again fil- 
tered at the pump and the filtrate is evaporated on the water-bath nearly 
to dryness. The crystals which separate from the cold solution are drained 
on filter paper and then dried in a desiccator containing calcium chloride. 
Yield about 20 gm. 

Tests. 

1. A little of the salt is dissolved in water and barium chloride solution 
is added. If the specimen was pure no precipitate of barium sulphate 
will be formed. Barium ethyl sulphate is soluble. 

2. A solution, made as before, is boiled with a few drops of hydro- 
chloric acid. On adding barium chloride there is an immediate heavy 
ppt. of barium sulphate, showing that the ester is readily hydrolysed : 

C2H5KSO4 -f H2O = C2H5OH -f- KHSO4 

3. A little of the solid is heated in a dry test tube. The inflammable 
gas ethylene is given off and potassium bisulphate remains : 

C2H5KS04 - -f KHSO 4 
Ethyl Bromide. C^HjBr. 

This compound may be made by the action of phosphorus tribromide 
on alcohol or by heating a mixture of alcohol, concentrated sulphuric acid 
and potassium bromide. In the latter method ethyl hydiogen sulj)hate 
is very probably an intermediate product which then reacts with hydrogen 
bromide ; 


C,H,HS 04 4- HBr = C.HsBr -f H,SO^ 
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Reqxmed : 

32 gm. (40 «.c.) absolute alcohol. 

74 gm. (40 c.c.) concentrated sulphuric acid. 

50 gm. potassium bromide. 

The apparatus required for this preparation consists of a litre distilling 
.^ask (or a litre round-bottomed flask fitted with a bent delivery tube), 
a Liebig condenser, or better, a double surface condenser fitted with ^n 
adaptor which dips below the surface of water in a conical flask (Fig. 37). 
The round flask is heated on a sand bath. 

The alcohol and acid are first mixed in the large flask and then cooled 
to the ordinary temperature under the tap. The potassium bromide, 
coarsely powdered, is added and the mixture gently heated. Soon ethyl 
bromide distils over and collects as an oily layer below the water in the 



receiver. Evaporation of the volatile compound is thus prevented, but it 
is desirable, neverihc'less, to surround the receiver with ice and water. The 
heating must be moderate , even so the mixture may threaten to froth 
over, in which ease the fl.isk must be quickly raised off the sand bath. 

^Yhen no more (.My dro})s condense, heating is discontinued and the 
contents of the receiv(jr are emptied into a separating funnel. The lower 
layer of ethyl bromide is preserved and the water layer rejected. To 
remove acid from the bromide it is put back in the funnel and shaken 
with an equal volume of weak sodium carbonate solution. The funnel is 
stoppered and held in the inverted position, and the tap is opened fre- 
quently to prevent the generation of a dangerous pressure. When no 
more*carbon dioxide is evolved the bottom layer is again preserved and 
next shaken with an equal volume of water. It is then run into a conical 
flask containing some f’-aed calcium chloride (2 or 3 gm. should be 

M.P.C. 
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sufficient) and allowed to stand for at least half an hour overnight if this is 
convenient. The calcium chloride absorbs traces of'water and also alcohol. 

Finally, the bromide, which should be completely clear, is decanted into 
a clean distilling flask of about 100 c.c. capacity and distilled on the water 
bath, using an efficient condenser. The distillate, which comes over 
between 30° and 40°, is preserved in a sealed glass tube. Yield about, 
3G to 40 gm., b.p. 38°. Prepared in the above manner it always contains 
a little ether. 

Tests. 

1. Add a few drops of the freshly prepared ethyl bromide to some silver 
nitrate. Very little cloudiness should result, showing that the bromine 
atom does not ionise. 

2. Warm the mixture of ethyl bromide and silver nitrate solution : 
silver bromide gradually forms owing to hydrolysis. If ethyl bromide is 
warmed with water the solution becomes acid to litmus. 

3. Dissolve a few pellets of caustic potash in about 10 c.c. of alcohol 
by heating. To the hot solution add 1 or 2 c.c. ethyl bromide. The gas 
ethylene is evolved. It will burn with a luminous flame in the mouth 
of the test tube. 

C.lhBi 1- KOH - C2II4 f KBr -f U.O 

Ethyl Iodide. C2H5T. 

Alkyl iodides are rarely made by the action of hydriodic acid on the 
alcohol. This acid is used in organic chemistry mainly as reducing agent 
(especially in conjunction with red phosphorus) and for replacing 
— OC2H5 or — OCH3 groups by — OH in aromatic compounds (p. 203). 
The best method of making ethyl iodide and related compounds is by 
the action of phosphorus triiodide on the alcohol. 

PI3 f sc^H^on - 3C2H j 4 H3PO3 

The phosphorus triiodide is formed from the phosphorus and iodine used 
in the experiment. 

Required : 

25 gm. iodine. 

2-5 gm. red phosphorus. 

20 gm. (25 c.c.) absolute alcohol.* 

A 250 c.c. round -bottomed flask fitted with an efficient reflux con- 
denser is fitted up as shown in the figure on p. 157. The water bath 
contains cold water. The phosphorus and alcohol are placed in the flask 
and the iodine is added in small quantities of about 3 or 4 gm. at a time. 
Each addition causes the production of heat, but the contents should not 
boil and the reflux condenser should not be needed at this ^^tage. When 
all the iodine has been added the mixture is heated on the boiling water 
bath for about an hour with the reflux condenser in position. 

* Ordinary industrial alcohol will not do here. For the preparation of absolute 
alcohol see Appendix, p. 216. 
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The condenser is then connected to the flask by a piece of bent tubing, 
so that the contents clin be distilled on the water bath. Distillation takes 
place rather slowly. When no more distillate comes over when the flask 
is heated 'by boiling water the product is shaken with an equal volume 
of weak sodium carbonate solution in a separating funnel. The carbon 
dioxide generated must be allowed to escape as described on }). 161, since 
the pressure generated may otherwise burst the funnel. Next the ioAde 
is shaken with water and then left to stand over fused calcium chloride. 
The dry liquid is then redistilled from a clean dry distilling flask fitted 
with a condenser and thermometer. The fraction which comes over 
between 68^ and 73° is retained. Yield about 25 gm. The pure liquid 
boils at 72°. It darkens in light owing to the liberation of iodine. A dark 
specimen may be purified by shaking with a little sodium thiosulphate 
solution to remove iodine, then with water, and then dried over calcium 
chloride. 

Notes. 1. The alkyl iodides are among the most reactive of the alkyl 
halides, the iodine atom being particularly readily replaced. They are 
used especially in the preparation of Grignard reagents, which are of great 
importance in more advanced work. 

2. The phos})horus halides are much used to replace hydroxyl groups 
by halogen (('f. p. 176). In the preparation of chlorides, thionyl chloride 
SOCI 2 is frequently preferred to phosphorus trichloride (or phosphorus 
peutachloride) since the by-products are gaseoiis : 

SOClj -f- 2ROH - 2RCI -f SO* -f H^O 
The product is therefore very easily purified (cf. p. 189). 

Tests. 

The three tests described under Ethyl Bromide can be performed in 
the same way, using ethyl iodide. The reactions are exactly similar. 

Ether (Diethyl ether). CgHB-O CaHs. 

This particular ether is very readily made by heating a mixture of 
concentrated sulphuric acid with excess of alcohol. The net result is the 
removal of HjO from two molecules of alcohol, a process which can be 
represented by supposing that ethyl hydrogen sulphate is intermediate : 

C2H5HSO4 -f CaH.OH - O -f H2SO4 

This, however, may be a simplification of the facts. In any case the 
method is not a general one since ethers of higher molecular weight have f 
boiling points which are too high for them to be distilled out of the reaction 
mixture. At high temperatures the reaction of the alcohol with concen- 
trated sulphuric acid produces an olefine, in this case ethylene. A second 
ihethod (Williamson’s method) is therefore afterwards described. 

Reguired : 

98 gm. (110 c.c.) absolute alcohol. 

75 gm. (4r0 c.c.) concentrated sulphuric acid. 
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Method I. 

As shown in Fig. 38, a distilling flask of abo^dt 500 c.c. capacity is 
fitted with a double-bored stopper through which pass a thermometer 
and a tap funnel. The condenser should preferably be of the double 
surface pattern, but a long Liebig condenser can be used. The receiver 
is a filter flask to which is attached a length of rubber tubing to convey 
a^. ay the ether vapour from the neighbourhood of all flames. The receiver 
must make an airtight joint with the condenser, and is cooled in water 
and, preferably, ice. 

In the flask 48 gm. (60 c.c.) of alcohol are mixed with 40 c.c. of con- 
centrated sulphuric acid, the remaining 40 gm. (50 c.c.) of alcohol being 
placed in the tap funnel. It should be noted that the thermometer bulb 



is in the liquid. The mixture is heated on the sand bath until the tem- 
perature shown by the thermometer reaches 140° C. Alcohol is then run 
in drop by drop from the funnel at the same speed as the distillate comes 
over. The temperature should be kept between 140° and 145° C. When 
all the alcohol has been added this temperature is maintained until no 
more distillate comes over. 

Considerable charring of the alcohol occurs in the course of the experi- 
ment. The distillate consists of ether, alcohol and some sulphurous acid 
— the reduction product of the sulphuric acid by the carbon. It is shaken 
in a separating funnel with an equal volume of bench caustiQ soda, separ- 
ated and then shaken again with the same reagent. The impure ether 
is left to stand over anhydrous calcium chloride for about an hour. It 
' is then distilled on the water bath, with a filter flask as receiver fitted up 
as described previously. The distilling flask is best placed in contact 
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with the wiiter in the water bath after the water has been heated to about 
60® to 70®. The Bunien flame can then be turned out, since no further 
heating will be necessary. The distillate which comes over between 34® 
and 39® contains a trace of alcohol. This can be removed only by 
treatment with sodium, followed by redistillation, and for many purposes 
this is unnecessary. Yield about 30 c.c. 

Notes. Ether vapour is extremely inflammable and forms an explosive 
mixture with air. Great care must always be taken with this substance. 

It is used mainly as a solvent in extractions of organic compounds 
from aqueous solution — not for crystallisation. It is also used in making 
Grignard compounds. 

Ether is appreciably soluble in water, and still more so in dilute acids. 

It is decomposed by concentrated sulphuric acid and by hydriodic acid : 
(C,n,),0 + 2H2SO4 = 2C,H5HS04 + H,0 
(C2H5)20 + 2HI = 2 C 2 H 5 I -I- H 2 O 

Atmospheric oxidation slowly produces certain explosive peroxides so 
that the distillation of the ether becomes dangerous.* Shaking with 
ferrous sulphate solution is a satisfactory method of removing these 
peroxides. 

Method II. 

Ethers can be made by the interaction of an alkyl halide with the 
sodium derivative of an alcohol : 

C2H5I -f NaOC^Hj = + Nal 

This is a general method, and it can be applied m the preparation of mixed 
ethers, e.g. Calls-O-CaH?. 

Required : 

50 c.c. absolute alcohol. 

10 c.c. ethyl iodide. 

4 gm. sodium. 

Ice. 

A 150 c.c. round-bottomed flask, fitted with an efiicient reflux con- 
denser, is set up for heating on a water bath which at first contains cold 
water. The alcohol is placed in the flask with some pieces of porous pot 
and the sodium is ^dded in thin slices, the condenser being momentarily 
disconnected for each addition. Sodium cthoxide is formed and hydrogen 
IS given off : 

2C2H5OH + 2Na = 2C2H50Na -f 

When all the sodium has been added the ethyl iodide is added and the 
mixture is caused to boil under reflux for about quarter of an hour. The 
two compounds interact as shown above. Sodium iodide separates. 

♦•The presence of peroxide «iay bo detected by shaking 1 c.c. of ether with a little 
fresh ferrous ammonium sulphate solution and then adding a few drops of potassium, 
thiocyanate : a blood-red colour shows the presence of peroxide. A blank test should 
be done on the ferrous salt solution. 
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The flask is now connected with the condenser by a piece of bent 
tubing, so that the contents can be distilled on the v«iter bath. A receiver 
cooled in ice and water must be connected with the condenser as shown 
in the figure for Method I. The distillate contains some alcohol. This 
is largely removed by shaking the distillate with an equal volume of 
strong salt solution in which ether is only slightly soluble. The upper 
lajr^r of ether is separated and dried by standing over anhydrous calcium 
chloride in a corked flask. It is then redistilled, following the directions 
given for Method 7. Yield about 20 c.c. 

Ethylene and Ethylene Dibromide. C,H 4 and CjH^Brj. 

The method by which ethylene is most readily prepared in the labora- 
tory is the dehydration of ethyl alcohol by excess concentrated sulphuric 
acid : 

CjH^OH 4- H2SO4 - C.HsHSO^ + H^O 
CaHjHSO^ = C2H4 -f H2SO4 

Ethyl hydrogen sulphate is formed as an intermediate and decomposes 
at a sufficiently high temperature. The method is not of general applica- 
tion and much alcohol is lost by charring. 

Ethylene dibromide is readily formed by addition of bromine across 
the double bond : 

Br^ CH^Br.CHjBr 

In this experiment the two preparations are carried out simultaneously. 
If, however, it is desired, gas jars of ethylene may be collected over warm 
water. The bulb U-tube and conical flask in the figure are then not 
required. 

Required : 

25 c.c. industrial ethyl alcohol. 

50 c.c. concentrated sulphuric acid. 

5 c.c. bromine. 

Ice. 

The apparatus is shown in Fig. 39. The wash bottle A contains bench 
caustic soda. This is to remove suljihur dioxide and carbon dioxide, 
which are present in the gas given off from the reaction mixture. About 
5 c.c. of bromine are placed in the bulb U-tube, and this is cooled by ice 
and water. The flask B contains a little dilute cahstic soda. 

The alcohol is jilaced in the round flask (J litre capacity) and the 
’ suljihuric acid is added in small portions. The mixture is shaken and 
cooled under the tap after each addition. Pieces of porous pot are added 
‘and the mixture is heated on the sand bath. The thermometer bulb 
should be in the liquid mixture and a temperature of about 165° or 170° 
should be maintained. During the evolution of gas the mixture froths 
and darkens considerably. If ethylene is collosted in gas jars it muat be 
' remembered that when mixed with air the gas is very explosive. 

The preparation of ethylene dibromide proceeds smoothly. Ethylene 
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is passed through the bromine until bromine vapour is* no longer visible 
over the reddish-browfi reaction product. The crude ethylene dibromide 
is then transferred to a small separating funnel and shaken with water 
mixed with its own volume of dilute caustic soda. One or two treat- 
ments should decolorise the product. The oil is then washed twice with 



Fio. 39. 


a little water and then dried over a few pieces of anhydrous calcium 
chloride. It is finally distilled, using a small distilling flask attached to 
a small Liebig condenser. The fraction distilling between 130° and 132° 
is retained. Yield : nearly equal to the bromine used. 

Tests. 

1. A gas jar of ethylene decolorises weak potassium permanganate 
solution containing a little sodium carbonate (Baeyer’s reagent). It is 
oxidised to ethylene glycol CHgOH-CHgOH. 

2. A gas jar of the gas decolorises bromine water on shaking. The 
solution formed does not turn litmus paper red, i.e. no HBr is eliminated. 

3. Ethylene dibromide reacts readily with alcoholic potash ; 

-f 2KOH = C^H., d- 2KBr -j- 

A few pellets of cadstic jiotasli are dissolved in a little alcohol by heating. 

1 or 2 c,c. of ethylene dibromide are added to the hot solution and acety- 
lene mixed with vinyl bromide CHg — CHBr. is immediately evolved. ’ 
The gas burns with a smoky, luminous flame. 

(Aqueous) Acetaldehyde, CHg-CHO. 

Moderate^oxidation of alcohol by acid dichromate yields acetaldehyde . 

CHa-CHapH -f 0 - CHa-CHO + HaO 

Acetaldehyde is itself readily oxidised further to acetic acid, but it may* 
be distilled out of the reaction mixture as it is formed, and in this way 
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only a little of tlie aldehyde is lost by oxidation. Aldehydes have lower 
boiling points than the alcohols from which thej^ are formed. 

Required : 

17 c.c. concentrated sulphuric acid. 

60 gm. sodium dichromate. 

40 c.c. alcohol. 

The apparatus is the same as that illustrated for the preparation of 
ether (Method I, p. 164), but in this case the thermometer may be omitted 
and an adaptor leading into an ordinary conical flask replaces the filter 
flask. The receiver should be cooled in ice and water. The distilling 
flask should be of 500 c.c. capacity. 

50 c.c. of water and 17 c.c. of concentrated sulphuric acid are mixed 
in the flask, and some pieces of porous earthenware are added. 50 gm. 
of sodium dichromate are then dissolved by warming in 100 c.c. of water 
and, when cool, the solution is mixed with 40 c.c. of alcohol. This mixture 
is placed in the large tap funnel. 

The dilute acid in the flask is first heated to boiling point and then, 
without further heating, the alcohol-dichromate mixture in the tap funnel 
is run in little by little. Sufficient heat is evolved for the distillation of 
acetaldehyde and water to take jilace. A little acetic acid is always 
present also in the distillate. The whole of the alcohol-dichromate solu- 
tion should be added in about 20 minutes, and heat may become necessary 
to maintain the distillation. The aqueous distillate smells strongly of 
aldehyde and should be corked up. 

The pure aldehyde (b.p. 21° C.) can be obtained from this distillate 
only by the formation and subsequent decomjiosition of aldehyde ammonia. 
This is a tedious process, and the preparation of some aldehyde ammonia 
from some pure acetaldehyde (which may be purchased) is described 
instead. The yield of acetaldehyde in the above preparation is poor. 

Some acetal, CH 3 -CH<^ is formed by interaction of the aldehyde 

with excess alcohol, and is present in the distillate. 

Tests with aqueous acetaldehyde solution, 

1. Aldehydes reduce ammoniacal silver nitrate^ (Tollen’s reagent), 
giving a silver mirror. Ammonia solution is added drop by drop to some 

, silver nitrate solution in a test tube until the precipitate just redissolves. 
Equal volumes of this solution and aqueous acetaldehydes are mixed and 
the test tube containing the mixture is placed in a beaker of hot water. 
On standing, a mirror of silver is deposited : 

. AgjO + CHa-CHO = 2Ag + CH3COOH ' 

2. Aldehydes also reduce Fehling’s solution. Fehling’s solution B 
' (Rochelle salt) is added to 5 c.c. of Fehling’s solution A (copper sulphate) 

until the blue precipitate just redissolves. To this solution a few c.c. 
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of aqueous acetaldehyde are added. On boiling, a red precipitate of 
cuprous oxide is forcaed. 

3. Potassium permanganate solution, acidified with sulphuric acid, is 
decolorised by aqueous acetaldehyde solution. Acetic acid is formed. 
This is stable to the oxidising agent. 

4. A crystal of magenta dissolved in water in a test tube gives a col- 
oured solution which may be decolorised by sulphur dioxide. 'Miis 
solution is called Schiff ’s reagent. On adding a few drops of the aldehyde 
solution the colour is restored. (The aldehyde is reduced to alcohol.) 

5. To half a test tube of the aqueous solution a small piece of solid 
caustic soda is added. On warming and then boiling the solution there 
is a deepening of colour and a brown resinous substance may separate. 
The aldehyde undergoes self-condensation : 

CHa-CHO -f CHa'CHO -> CHa CH CHa CHO CHa CH = CH-CHO 

I 

OH 

Aldol. 

and a repetition of the process leads to the formation of high molecular 
weight compounds of the form : 

CHaCH = CH CH - CH-CH = CH CHO 

Tests with pure acetaldehyde. 

1. Acetaldehyde ammonia. This compound is often written 

/OH 

CHa— CH< 

^NHa 

but it is really a trimeric form with the formula 

CHa 

I 

/\ 

HN NH(3H,0) 

1 I 

CHa-CH HC— CH, 

H 


The old formula remains preferable for most purposes. 20 c.c. of 0*88 
ammonia solution are placed in a large test tube standing in a large beaker 
of crushed ice. 10 c.c. of pure acetaldehyde are then added drop by drop. 
The reaction is vigorous and the mixture must be stirred with a glass rod. 
On standing in ice for about an hour white crystals of the acetaldehyde 
ammonia sej^rate. These are filtered at the pump, washed with a little 
alcohol and then with a little ether, and dried between pieces of filter 
pap^r. * 

2. Acetaldehyde bisulphite. A solution of sodium bisulphite is made * 
by bubbling sulphur dioxide through some water in a boiling tube, at the 
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bottom of which’is an exms of sodium carbonate crystals. • The cold 
satutated solution is apple green in colour and sm^ls strongly of sulphur 
dioxide. This is shaken with one-third of its volume of pure acetaldehyde. 
On standing the bisulphite compound 


crystallises out. 


/OH 


ch,-ch/ 

\SO,Na 


3. Polymerisation to paraldehyde. A drop or two of concentrated 
sulphuric acid is added to 1 or 2 c.c. of acetaldehyde in a test tube. Par- 
aldehyde is formed with the production of heat. On adding water it 
separates as an oil. It has the formula 

CH, 


CH 


O 0 


I 1 

CH,-CH CH-CH 


4. Preparation of a phenylhydrazone. The condensation product of 
acetaldehyde with phenylhydrazme is an oil, but the product obtained 
from 2-4-dinitrophenylhydrazme is easily obtained as a yellow crystalline 
solid, m.p. 146°. 2 to 3 gm. of the dinitro-phenylhydrazine are dissolved 
in a little warm glacial acetic acid and the solution is added to about 
2 c.c. of acetaldehyde in a test tube. The mixture is warmed by placing 
the test tube in a beaker of warm water for two minutes. On cooling 
under the tap and on adding a few drops of water while scratching the 
side of the test tube with a glass rod an orange-red crystalline solid soon 
separates. This is filtered off and recrystallised from 50 per cent, acetic 
acid. As obtained in this way the substance has a m p. of about 146° to 
148°. Two isomeric forms appear to exist, one of which has the structure : 

CH3-CH=NNH^ ^NO, 

NOj 

(2-4-dinitrophenylhydrazine has many points of superiority over ordinary 
phenylhydrazine. Its hydrazones are much more readily crystallised, 
and the reagent does not undergo oxidation on keeping.) 

Acetone. CH,— C— CHg. 


0 

Ketones may be made by careful oxidation of secondury alcohols, 
just as aldehydes are made by oxidation of primary alcohols. Acetone 
is, however, most readily made by heating calcium acetate : 

(CHjCOOljCa = CHg'CO'CH, + CaCO, 
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The decomposition may be carried out by heating the dry salt in a retort. 
Since acetone is an iiitiportant industrial solvent its preparation is not 
described here. It is, however, a useful exercise to prepare pure acetone 
from ‘the (Jommercial product. A convenient method is to prepare the 
acetone bisulphite compound and then decompose this with mild alkali. 


/OH 

CHa CO-CHa -f NaHSOa = CHa-C^SOaNa 

I 

CH, 


Some saturated sodium bisulphite solution is made by bubbling sulphur 
dioxide through 150 c.c. of water in a flask which contains an excess of 
solid sodium carbonate. The solution should be kept cold by placing the 
flask in a vessel of cold water. The apple-green solution is decanted into 
a 500 c.c. flask and shaken with 100 c.c. of acetone, the mixture being 
kept cool under the tap. The crystalline solid which separates is filtered 
at the pump and then placed in a half-litre distilling flask. 150 gm. of 
washing soda and 100 c.c. of water are added and the mixture distilled 
on the water bath. Acetone (b.p. 56"^ C.) comes over and is collected and 
dried over fused calcium chloride or anhydrous sodium sulphate. It is 
then redistilled. 


Tests, 

1 . Acetone does not reduce ammoniacal silver nitrate or Fehling’s 
solution ; the coloration of Schiff’s reagent takes place only after a time 
(see tests on acetaldehyde above). 

2. A crystalline bisulphite compound is formed. Its preparation has 

been described above. % 

3. Iodoform test. To about 10 c.c. of iodine solution (in potassium 
iodide) 1 c.c. of acetone is added, and then caustic soda solution is added 
until the colour of the iodine just disappears. A pale yellow precipitate 
of iodoform CHI 3 forma on standing. The substance has a characteristic 
smell. (For alternative method of preparation see p. 173.) 

4. Preparation of a phenylhydrazone. The condensation product of 
acetone with phenylhydrazine melts at 16° and is very difficult to crystal- 
lise. The product from 2-4-dinitrophenylhydrazine is easily obtained 
as a yellow crystalhne solid m.p. 126° C. The method of preparation is 
the same as that described in the case of the acetaldehyde compound, 
p. 170. The phenylhydrazone should be recrystallised from 50 per cent. , 
acetic acid. It has the structure : 



5. Preparation of acetone semicarbazone. Place 2 gm. of semi- » 
carbazide hydrochloride in about 10 c.c. of water and add 2*5 gm. of 
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crystalline sodium acetate. A clear solution is obtained on warming. 
2 or 3 c.c. of acetone are then added and the mixture is warmed by 
placing the test tube in a beaker of warm water for 10 minutes. The 
semicarbazone crystallises out on cooling and scratching wich a glass 
rod. 


CH, CH 3 ^ 

>C=0 + NHjNHCO-NH^ -> Nc^N-NH-CONH, + H^O 
/ CH/ 


CH3' 


After cooling, the solid is filtered off, washed with water and dried. The 
pure semicarbazone has a m.p. of 187^^ C. Alcohol is suitable for 
recrystallisation. 

6. Clemmenson reduction of acetone. Vigorous reduction (by zinc 
amalgam and strong hydrochloric acid) replaces the carbonyl group of 

a ketone by the ^CHa group. Acetone is thus converted into n-propane. 

To make the zinc amalgam 10 gm. of zinc dust are shaken with about 
150 c.c. of mercuric chloride solution for five minutes. The amalgam is 
washed by decantation and then mixed with 20 c.c. of acetone and 50 c.c. 
of concentrated hydrochloric acid in a 250 c.c. flask. The flask is heated 
on the water bath and a delivery tube to a trough of water enables the 
gas to be collected in gas jars. The smell of the gas, its mode of burning 
and action on bromine water or Baeyer’s reagent should be noted. The 
last two should, of course, be negative. 

Chloroform. CHCI 3 . 

By the action of a hypochlorite alcohol is first oxidised to acetaldehyde, 
and then this compound is immediately chlorinated to give chloral 
CCI 3 CHO. In the presence of alkali this compound is decomposed to 
give chloroform and a formate : 

CH3CH3OH + CI3 = 2HC1 -f CH3CHO (i) 

2CH3CHO + 304 = 2CCI3CHO + 3HC1 (ii) 

2CCI3CHO + Ca(OH)3 = 2CHCI3 + (HCOOIA (iii) 

Reactions similar to (ii) and (iii) take place if acetone is used instead of 

alcohol. An aldehyde (— CH— 0) or ketonic group has a marked 

“ loosening ” effect on the hydrogen atoms of the next carbon atom. 
These are rapidly replaced by chlorine, bromine or iodine. 

Required : 

100 gm. bleaching powder. 

40 c.c. alcohol (or 45 c.c. acetone). 

A thin paste of bleaching powder is first made by successive additions 
of water to the powder, which is placed m a mortar. The mixture is well 
ground and about 250 c.c. of water is added altogether. This suspeiVsion 
is then decanted into a litre or U litre flask (a bolt-head flask is very 
convenient). An efficient reflux condenser is then fitted and the apparatus 
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is set up near a sink or trough full of water, into which the flask may be 
dipped if the reaction* becomes too violent. The alcohol or acetone is 
then run down the condenser and the contents of the flask are gently 
* shaken. K no reaction commences after five minutes the flask should 
be warmed cautiously on the water bath and immediately removed once 
, signs of effervescence are noticed. The flask may then be clamped in a 
stand. Alcohol and chloroform condense and run back into the fl{£^k 
while the reaction continues. When the reaction appears to be completed 
the flask is heated on the water bath for not more than ten minutes. 

The reflux condenser is then quickly replaced by a stopper carrying 
a delivery tube which enables the condenser to be employed for distilla- 
tion. The chloroform is then distilled off on the water bath. When no 
more distillate comes over, the product, which usually contains a little 
acid, is shaken with dilute caustic soda in a sejiarating funnel. The 
bottom layer is then run out and left to stand over fused calcium chloride. 
When dry it is transferred to a small distilling flask equipped with a con- 
denser and thermometer. When distilled the fraction coming over 
between 60° and 63° is retained. Yield about 15 to 20 c.c. The pure 
liquid boils at 61° C. Its density is 1-50 gm. per c.c. 

Iodoform. CHI3. 

To prepare a specimen of iodoform the best method is to treat acetone 
with potassium iodide solution in the presence of sodium hypochlorite. 
Alcohol can be used in place of acetone. The reaction is, in fact, used 
as a test for the groups CH^C— and CHjCHjO— joined to an alkyl or 

II 

0 

substituted alkyl group. 

Required : 

5 c.c. acetone. 

15 gm. potassium iodide in 100 c.c. water, 

50 c.c. commercial sodium hypochlorite solution. 

The acetone and potassium iodide solution are first mixed in a 250 c.c. 
conical flask. 50 c.c. of bench caustic soda are then added, followed by 
50 c.c. sodium hypochlorite, diluted with an equal volume of water. A 
yellow precipitate of iodoform soon begins to form, and the mixture is 
left to stand for tefl minutes. The solid is then filtered off at the pump 
and washed with a little water. It is recrystallised from the minimum 
quantity of hot alcohol. The crystals are dried on a porous plate in a 
desiccator of calcium chloride. Yield about 5 gm., m.p. 120° C. 

Note. The reactions involved are probably similar to those for the 
formation of chloroform. Although ethyl alcohol gives the iodoform test 
tbe aldehyde CI3CHO has not been isolated. 

Ethj^ Acetate. CHg-CO-GCaHs. 

The reaction between ethyl alcohol and acetic acid is represented : 
CHg-CO-lOH + CgHg ^ CHa-CO-OCgHg + HgO 
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The esterification of acetic acid by boiling it with excess alcohol would, 
however, be an inefficient process. The classic Kvork of Berthelot and 
de St. Gilles showed that the equilibrium constant for this reaction is 
[CH^CTOC.H,] [H^O] ^ 

[CHaCOOH] [CaHaOH] 

numerically equal to 4-0. Starting with molar quantities (of either 
alcohol and acid or ester and water) equilibrium is reached after some 
days at room temperature, when there is O’ 67 mole of ester and 0-67 mole 
of water present. It follows that if 2 moles of alcohol are added to 1 mole 
of acid, at equilibrium 0*85 mole of ester and water should theoretically 
be formed. Since both forward and reverse reactions are catalysed by 
hydrogen ions, equilibrium may be reached quite quickly if some mineral 
acid is present. In the Fischer-Speier method of esterification the alcohol 
is first saturated with hydrogen chloride and then boiled under reflux 
with the acid. Finally, for practical purposes, it is desirable to make the 
reaction virtually non-rcversible by adding some dehydrating agent to 
remove the water as it is formed. Anhydrous zinc chloride or concen- 
trated sulphuric acid are commonly used. The latter has the merit that 
it acts catalytically also. 

Required : 

50 c.c. absolute alcohol. 

50 c.c. concentrated sulphuric acid. 

100 c.c. of a mixture of acetic acid and alcohol in equal volumes. 

A half-litre distilling flask carrying a tap funnel is fitted to a condenser 
arranged for distillation (Fig. 40). In the flask is a mixture of 50 c.c. 
alcoliol and 50 c.c. concentrated sulphuric acid. A few pieces of porous 
earthenware are also added. In the tap funnel is the mixture of alcohol 
and acetic acid. The flask is lieated on an oil bath maintained at 140'^. 
With the flask heated in this way the alcohol-acetic acid mixture is run 
in at a rate of about three drojis a second. As soon as the ester begins to 
distil over the mixture is run in at tlie rate at which the ester comes over. 

When all the mixture has been added the distillation is continued 
for a few more minutes, after which nothing more will come over. The 
distillate contains, in addition to the ester, some unchanged alcohol and 
acid and some ether and sulphurous acid. Its treatment consists of first 
shaking it with an equal volume of strong sodium carbonate solution until 
the upper layer ceases to redden litmus paper. Much carbon dioxide is 
evolved, and the pressure in the tap funnel must be released frequently. 
When all the acid has been neutralised the bottom layer is rejected and 
a solution of about 40 gm. anhydrous calcium chloride in 40 c.c. water is 
run in. The ester is shaken vigorously with this soluticn to remove 
unchanged alcohol. The lower layer is then run out and rejected, and the 
ester left to stand over some anhydrous calcium chloride for at least an 
hour or, preferably, overnight. It is then distilled in a small distilling 
flask heated on the water bath. If the water bath is heated up from cold 
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a little ether comes over first {35°-40°) as a separate fraction. The ester 
distils between 74“ aigid 79“ C. The pure ester boils at 77“ C. Yield 
about 45 gm. 

Nbtes. Ethyl acetate is not a reactive compound but it finds use in 
synthetic work : 

(a) In the preparation of acetoacetic ester, CHa-CO-CHa-CO-OCaHs. 

(h) In reaction with Grignard compounds, e.g. in making certain 
ketones and tertiary alcohols. 



Hydrolysis of Ethyl Acetate. 

Tins experiment may be regarded as indicating the method of 
hydrolysis of enters in general. See, m addition, ]>. 189. 

5 or 10 c.c, of the ester are boiled under reflux with about 50 c.c, of 
bench caustic soda. Pieces of porous earthenwuire are essential to avoid 
bumping. After quarter of an hour there should be no longer two distinct 
layers. On replacing the condenser in the position for distillation and 
distilling the mixtufe, aqueous alcohol comes over first. After 5 or 10 c.c. 
of distillate have been collected it may be subjected to the iodoform test. 

If some bench sulphuric acid is added to the residual liquid in the flask 
acetic acid is liberated and may be recognised by its smell. 

CH 3 COOC 2 H, + NaOH = CH 3 COONa -f C^H^OH 
When the acid liberated is a solid it is filtered off and recrystallised. 
Ethyl Chloroacetate. CHaCbCO'OCaHe. 

This ester, which is important in synthetic work, may be made as* 
an alternative to the preceding compound. Monochloracetic acid is 
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a somewhat tedious preparation and it is, in any case, an inexpensive 
chemical. It is a much stronger acid than acetic acid. 

CHaCl-COOH + C.EfiE = CHaClCO-OCaHj + H ,0 
Required : 

30 gm. monochloracetic acid. 

45 c.c. absolute alcohol. 

6 c.c. concentrated sulphuric acid. 

The alcohol is placed in a small round flask and the sulphuric acid 
added, taking the usual precautions. The chloracetic acid is then added. 
The mixture is heated on the water bath, using a reflux condenser for 
about six hours. Owing to the high boiling point of the ester it is not 
practicable to remove it by distillation as in the previous preparation. 
Instead, the mixture is poured into a beaker containing about 100 c.c. 
of cold water and preferably a little ice. 

The mixture of ester and water is then transferred to a separating 
funnel and shaken with about 100 c.c. of ether. The lower layer is run 
out into a beaker and the top layer retained. The lower layer is then 
extracted once more with a further 50 c.c. of ether and the two upper 
layers are united. The lower layer, after the second extraction, is rejected. 

The combined ether extracts are then left in a stoppered flask con- 
taining fused calcium chloride. When dried the ether solution is placed 
in a distilling flask fitted with a thermometer and an efiicient condenser 
and heated on the water bath. The usual precautions for distilling ether 
(p. 164) must be observed. When all the ether has been distilled off the 
temperature of the water bath is raised to boiling point. To distil the 
estei the flask must be fitted with an air condenser and heated with a 
naked flame. Ethyl chloroacetate distils between 144° and 146°. A 
yield of about 25 gm. is obtained. 

Notes. Ethyl chloroacetate (chloracetic ester) is used in the prepara- 
tion of malonic and cyanacetic esters. These, like acetoacetic ester, are 
of importance in more advanced synthetic work. 

Acetyl Chloride. CH3 COCI. 

Compounds containing hydroxy] grouf)S react with phosphorus tri- 
chloride or with thionyl chloride, with the result that the hydroxy] group 
is replaced by a chlorine atom. Carboxylic acids ^re by this means 
converted into their acid chlorides : 

3CH3-COOH -f PCI3 = 3CH3-COC1 -f H3PO3 

Acetyl chloride is volatile and is easily distilled from the non-volatile 
phosphorus acid. Thionyl chloride, because of its volatility, would not 
be a convenient reagent in this particular case. 

Required : 

50 c.c. glacial acetic acid. 

40 gm. (25 c.c.) phosphorus trichloride. 
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The apparatus consists of a 250 c.c. distilling flask fitted with a tap 
funnel and a condenser which leads through a rubber stopper into a small 
filter flask which acts as a receiver. The latter is fitted with a calcium 
chloride ^it tube* The apparatus should be quite airtight and perfectly 
clean and dry. The acetic acid is placed in the distilling flask, which is 
kept cold by being placed in cold water in a water bath standing on 
a tripod. The phosphorus trichloride is then run in slowly from the 
tap funnel. 

When the phosphorus trichloride has all been added, the water in the 
water bath is heated to about 40° or 50° C, and kept at this temperature 
un^il the evolution of hydrogen chloride begins to slacken. This is due, 
probably, to a reaction : 

CH3COCI + P{ 0 H )3 - CH3C0‘0P(0H)3 + HCl 

The originally homogeneous liquid forms two separate layers. At this 
stage the temperature of the water bath is raised to boiling point to distil 
off the acetyl chloride which forms the top layer. (It is dangerous to effect 
this distillation with a flame instead of using a water bath.) When nothing 
further comes over, the distillate is redistilled and the fraction boiling 
between 53° and 56° is retained. Yield about 40 gm. The liquid fumes 
strongly in air, and must be kept in a sealed tube. Boiling point of the 
pure liquid, 55 ° C. 

Note. With the removal of the hydroxyl group and its replacement 
by chlorine the hydrogen atoms in the molecule become much more 
reactive. The acid chloride is readily chlorinated or brommated, a fact 
which is utilised in the method of making a-brom acids due to Hell, 
Volhard and Zelinsky. In this method the acid is treated with red phos- 
phorus and excess bromine. The acid bromide is formed first, and this 
is then immediately brominated. The a-substituted acid bromide ifiay 
then be hydrolysed to the acid. 

Tests. 

See p. 178 for tests which may be camjed out on acetyl chloride and 
acetic anhydride. 

Acetic Anhydride. CH3 CO O CO CH3. 

The chlorine atom of acetyl chloride is only loosely held and is readily 
replaced, e.g. in hydrolysis and in the acetylation of amines (tests below). 
When heated witli sodium acetate there is an elimination of sodium 
chloride and acetic anhydride is formed : 

CH3COCI -f CHaCOONa = CHa-CO'O'CO-CHa + NaCl 
This compound is distilled off. 

Required : 

25 gm. anhydrous (fused) sodium acetate. 

20 c.c. acetyl chloride. 

If fused sodium acetate is not available 50 gm. of the crystalline salt, 

M.P.O. 
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CHgCOONa-SHaO,^ are melted in a clean iron sand tray. When heated 
the salt first melts and then, losing water, solidifies On stronger heating 
the solid again melts. The solid is finely powdered when cold. 

The experiment should be carried out in a fume chamber. The sodium 
acetate is placed in a 250 c.c. retort which is attached to a condenser 
and receiver, fitted with a calcium chloride exit tube as in the previous ^ 
experiment. All joints must be airtight, and the apparatus must be 
clean and dry. A dropping funnel containing the acetyl chloride is 
inserted through a cork in the tubulure of the retort. 

When the acetyl chloride is slowly run into the retort heat is produced, 
but nothing should distil over. If necessary the retort may be cooled in 
water. After the addition of the acetyl chloride a glass rod is inserted 
through the tubulure and the contents of the retort are well mixed. The 
retort is then closed with an ordinary cork or glass stopper, and the 
mixture is heated evenly with a small flame. The distillate obtained 
contains a good deal of unchanged acetyl chloride, and it is essential to 
pour it back into the retort and repeat the distillation. The product is 
then redistilled, using a clean dry distilling flask of KX) c.c. capacity. 
Acetic anhydride comes over between and 140*^. Yield about 20 gm. 
The pure liquid boils at 140° C. 

Tests with acetyl cMoride and acetic anhydride. 

These compounds have similar uses m synthetic work. They arc 
especially used to replace the hydrogen atom of either an hydroxyl group 
or one of the hydrogen atoms of an amino group by the acetyl group : 


CH. COCl or 

■p (yu ^ 

^ CH.COOCOOH, 


r„0-CO-CH3 


R-NHj 


CH,-COCl or 

^ 

CH. CO O COCH, 


R-NHCOCH 3 


1. Warm a few drops of either compound with some water in a test 
tube. Acetic anhydride is hydrolysed more slowly. 


CHa'COCl + H2O - CH3 COOH + HCl 
(CHaCOlaO -f H3O = 2 CH 3 -COOH 


Solution reacts acid to litmus and, in the case of acetyl chloride, the 
presence of chloride ion can be demonstrated. * 

2. Repeat the experiment with a little alcohol : 

CH 3 COCI + CjH^OH = CHs-CO OCaHs -f HCl 
(CH 3 -C 0)30 -f CAOH = CH 3 -C 0 * 0 C 2 H, + CH 3 COOH 


The smell of ethyl acetate may be recognised. 

3. If a little aniline is dissolved in some glacial acetic acid and boiled 
with a little of either acetyl chloride or acetic anhydride, acetanilide is 
formed. On pouring the mixture into water the acetanilide separates 
as a white solid. To prepare the substance in any quantity it is neces- 
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eary to boil the mixture in a flask fitted with a reflux condenser for about 
half an hour. 

CgHsNH, -f CH^-COCl = CeH^NH-COCHs + HCl 

CfeH^NHs + (CH3-C0),0 = CeH^NH-COCHs -f CH3COOH 
The solid may be recrystallised from hot water, m.p. 112° C. 

Acetamide. CH3CONH,. 

Amides are, in general, most often made by the action of ammonia 
on either the acid chloride or an ester of the acid 
in question. These methods are illustrated in the 
preparation of oxamide and benzamide given below. 

In the case of acetamide the dehydration of ammo- 
nium acetate is in practice a very satisfactory 
method and it is the one most often used for this 
compound. 

CHa-COONH, ^ CH3 CO NH3 + H,0 
The reaction is reversible, so the water is removed 
as it is formed. A good yield is obtained only if 
the dissociation of the salt : 

CH3 COONH4 ^ CHa-COOH + NHs 
can be prevented. Addition of excess of acetic acid 
has the effect of reducing this change to small 
proportions. 

Required : 

50 gill, ammonium acetate. 

60 gm. (58 c.c.) glacial acetic acid. 

A 250 c.c, round-bottomed flask is fitted with an 
air condenser (Fig. 41). In the upper end of the 
condenser is a thermometer reading to not less than 
150° C. and a bent delivery tube for conducting away 
steam and acetic acid vapour. By boiling the 
mixture of ammonium acetate and acetic acid so 
that the temperature at the top of the condenser is 
between 103° and 105°, a proportion of the water 
formed m the change is removed from the reaction 
mixture. 

After two hours’ heating the reflux condenser is removed and replaced 
in the position for distillation. If a short fractionating column is avail- 
able It should be used in conjunction with the air condenser. The dis- 
.tillate, whi^h comes over up to a temperature of 170° to 180°, is then 
collected. This consists mainly of acetic acid and water. 

•At this point the residue is poured while hot into a 100 c.c. distilling 
flask fitted with an air condenser. On continuing the distillation aceta- 
mide is collected in the fraction which distils between 210° and 225°. 





180 


ORGANIC PREPARATIONS 


The distillate should be collected in a small clean flask or a large test tube. 
On cooling the substance sobdifies. There may be some solidification in 
the air condenser, but this is easily removed by warming with the flame. 

The substance obtained in this way smells of mice. A pure apeciinen, 
lacking this quality, can be prepared by recrystallisation from benzene 
or acetone. It has then a m.p. of 82° and a b.p. of 223°. 

Testes. 

Amides are sometimes used as derivatives in the identification of acids, 
since they are well crystallised solids and readily hydrolysed back to the 
acid. 

1 . A little acetamide is warmed with some bench caustic soda. 
Ammonia is evolved ; 

CHa-CONHa + NaOH = CHa-COONa -f NH^ 

If the amide is boiled with bench sulphuric acid the smell of acetic acid 
may be detected : 

CHj'CONHa + nSO, + HaO - CH^-COOH -f (NHJaSO* 

2, The acidic character of acetamide is weak. The solution in water 
will, however, dissolve precipitated mercuric oxide. If a little sodium 
carbonate solution is added to some mercuric chloride, mercuric oxide 
is precipitated. On adding a strong solution of acetamide in water the 
precipitate dissolves up. 

CHa-CONH 

2 CH 3 -CONH, -f HgO - )>Hg + H^O 

CHg'CONH^ 

Oxamlde may be made on a small scale by adding a few drops of 
strong ( 0 - 88 ) ammonia solution to about 1 c.c. of ethyl oxalate in a test 
tube. 

COOC 3 H, CONH 3 

I + 2 NH 3 = I + 2C,H,0H 

COOCA CONH 3 

The mixture requires stirring with a glass rod. The amide separates and 
is stirred with a few c.c. of water before filtering on a small Buchner filter 
at the pump. After washing with a little water the solid is dried on a 
porous plate or with filter paper before being ])laced in the steam oven. 
Oxamide has not a sharp melting point ; on heating it' decomj)oses with 
some sublimation at a high temperature. 

Benzamlde may be made by grinding 10 gm. of ammonium car- 
bonate with 5 c.c. of benzoyl chloride in a mortar (fume chamber). 

C«H5-00C1 + NH 3 - CeHs-CONH, -f HCl 
After ten minutes a few drops of 0*88 ammonia solution are aMded if the 
smell of benzoyl chloride still remains. The mixture is then stirred ii^to 
kOO c.c. of cold water and then filtered. The solid is crystallised from hot 
water, m.p. 128° C, 
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Methylafnlne Hydrochloride. CHa NHa HCl. 

Alkyl (and aryl) amines may be obtained from amides by Hofmann’s 
reaction, which consists of treatment of the amide with bromine and 
caus'tic potash. The intermediate bromamide appears to lose HBr and 
to undergo rearrangement to the isocyanate. This is hydrolysed to the 
amine which has one fewer carbon atoms than the original amide. 

R-CONHa -> R-CONHBr -> R NCO R-NH^ 

There is some loss of amide through hydrolysis by the caustic alkali, and 
the preparation is a little difficult. 

Required : 

20 gm. dry acetamide. 

54 gm. (18 c.c.) bromine. 

80 gm. caustic potash. 

Absolute alcohol. 

The acetamide and bromine are placed in a 500 c.c. flask. The flask 
is cooled under the tap while a solution of 20 gm. caustic potash in 200 c.c. 
of water is added slowly. The solution is finally yellow and contains the 
bromamide. This is then run slowly from a tap funnel into a concen- 
trated solution of 60 gm. caustic potash in 100 c.c. water in a large dis- 
tilling flask. During this operation care must be taken to see that the 
temperature docs not rise above 75° C. The solution is then kept for 
about half an hour at between 60° and 70° C. After this time the yellow 
colour will have disappeared, and the mixture can be distilled on a wire 
gauze to drive off the amine. 

CHs-CONHBr + NaOH NaBr -f CO^ + CH3 NH2 

Some ammonia is also generated by decomposition of some unchanged 
amide : 

CHa-CONHa -f NaOH = CHa-COONa + NHg 

The mixed gases, methylamine and ammonia, are absorbed m 100 c.c. of 
dilute hydrochloric acid. For this purpose a bent adaptor dipjiing into 
the acid is comu'cted to the end of the condenser. 

When no more alkaline distillate comes over, the solution in hydro- 
chloric acid is evajiorated to dryness in an evaporating dish. The residue 
consists of inethykimine hydrochloride and ammonium chloride. Extrac- 
tion with absolute alcohol separates the methylamine hydrochloride, and 
this crystallises out from the alcohol solution on cooling. A furthei? 
quantity may be obtained by evaporation. The crystals are dried in 
a desiccator. Yield about 5 gm., m.p. 226° C. 

. Tests. ^ 

1. The free amine is liberated by warming the hydrochloride with a 

litMe caustic soda. Its smell resembles that of ammonia, but is slightly 
fish-like. The vapour is inflammable. ' 

2. If a strong solution of picric acid in alcohol is added to an aqueous 
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solution of methylkmine the mixture turns red. After warmihg for two 
minutes the solution is cooled at the tap and then^the tube is scratched 
with a glass rod. A yellow picrate of the base crystallises out and may 
be filtered off; m.p. 210° C. It may be recrystallised from alcohol. 

Note. Methods of identifying primary, secondary and tertiary amines 
are described in connection with. aniline, methylaniline and dimethyl- 
anik'ne, p. 197. 

Acetonitrile. CH3CN. 

The dehydration of an amide to give the corresponding nitrile is 
readily brought about by phosphorus pentoxide. 

CH3C0NH,= CH 3 CN-hH 30 

Required : 

20 gm. dry acetamide. 

30 gm. phosphorus pentoxide. 

A clean dry distilling flask of 200 c.c. capacity is first fitted with 
a 100° thermometer and a condenser. 20 gm. of dry acetamide are then 
weighed out on a piece of paper. The flask is then roughly weighed and 
approximately 30 gm. of phosphorus pentoxide arc transferred direct 
from the bottle, so that there is an appropriate gain in weight. The 
20 gm. of acetamide arc then quickly added and the flask is well shaken. 
The condenser and thermometer are fitted without delay and, with a small 
luminous flame, the mixture is carefully heated as evenly as possible. 
Frothing accompanies the reaction, and for five or ten minutes stronger 
heating should not be attempted. The acetonitrile is then driven over 
with the help of a hotter flame. 

The crude distillate obtained is mixed with half its volume of cold 
wafiCT, and then solid potassium carbonate is added until no more will 
dissolve in the lower (aqueous) layer. The liquid is then decanted into 
a separating funnel and the lower layer is run off and discarded. The 
nitrile is redistilled from a small distilling flask, in which is placed a little 
phosphorus pentoxide. The acetonitrile, which has a peculiar smell, 
comes over at 82°. Yield about 5 gm. 

Test. 

If a little acetonitrile, dissolved in absolute alcohol, is treated with 
sodium in small pieces it is reduced to cthylamine : 

CHa-CN -f 4 H = CH3CH3 NH3 

The presence of the primary amine may be shown by the carbylamine 
reaction (cf. p. 192). 

Note. Nitriles may be hydrolysed by either aqueous alkali or dilute 
acid. Isonitriles are stable towards alkalis ; dilute acids cdnvert them 
into primary amines plus formic acid : 

CHs-CN -f 2H3O = CH3 COONH4 
CH3NC + 2H3O = CH3NH3 + HCOOH 



ORGANIC PREPARATIONS 


183 


Nitrometfiane. CH5NO,. 

The aliphatic nitr«-compounda are not so accessible as the corre- 
sponding aromatic compounds. Direct nitration of aliphatic hydro- 
carbons gives a poor yield, and these compounds are usually obtained 
through the alkyl halides or, better, from the a-substituted fatty acids : 

CHaCbCOOH -> CH2(N02)-C00H CH 3 NO* + CO, 

The nitro-acida readily decompose on heating. 

Required : 

50 gm. monochloracetic acid. 

30 gm. anhydrous sodium carbonate, or 75 gm. washing soda 
crystals. 

36 gm. sodium nitrite. 

The chloracetic acid is first dissolved in 100 c.c. of water in a litre dis- 
tilling flask and, by the addition of the sodium carbonate in small quan- 
tities, the solution is made slightly alkaline. The apparatus is then set 
up for distillation and a tap funnel is inserted through a cork in the neck 
of the distilling flask, A solution of 36 gm. of sodium nitrite in 50 c.c. of 
water is then run in and the mixture is heated over a wire gauze. 

Evolution of carbon dioxide and the appearance of a red co our accom- 
jiany the distillation of nitromcthane and water which come over together. 
The distillation is continued until no more oily dro})s sink to the bottom 
of the receiver. The slightly red-coloured nitromethane is separated by 
means of a separating funnel and dried over anhydrous calcium chloride 
or sodium sulphate. It is then distilled in a small distilling flask. The 
liquid boils at 101 "^-102^ C. Yield about 15 gm. 

Notes. 

• 1 . Aliphatic nitro-compounds and some aromatic nitro-compounds 
behave as tautomeric substances : 

0 OH 

^RCH=N<( 

0 0 

The second is the “ nitrolic acid ” form. 

2. The hydrogtiii atoms attached to the a-carbon atom of an aliphatic 
nitro-compound are markedly reactive through being “ loosened ” by the 
nitro group. They are readily replaced by chlorine, and also permit ot 
interesting condensations, e.g. with aldehydes (cf. p. 206). 

Formic Acid (Aqueous). H-COOH. 

In the laboratory formic acid is derived from oxalic acid. The yield 
obtained by heating the latter acid alone is poor : 

(COOH), - H-COOH -f CO, 

Some of the oxalic acid decomposes into carbon monoxide, carbon dioxide 


R-CH,-N^ 
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and water, and some sublimes unchanged. A mixture of glycerol and 
excess oxalic acid on heating yields formic acid through a series of 
changes : 


CHaOH 

1 


CH^OH 

1 

1 

CHOH + 

(COOH), = 

1 

CHOH -f HjO 

1 

CH,OH 


1 

CH,OCO-COOH 

(glyceryl monoxalate) 

CH^OH 

1 


CH,OH 

1 

1 

CHOH 

1 

H,0 

< 

1 

CHOH -f CO, 

1 

1 

CH^OH 4- H COOH 

1 

CH^OCO-H 

(glyceryl monoformate) 


The glycerol is, theoretically, not consumed. The water necessary for 
the hydrolysis of the monoformate comes from the original esterification 
and from the water of crystallisation of oxalic acid. 

Required : 

50 c.c. anhydrous glycerol. 

30 gm. powdered crystalline oxalic acid. 

Since glycerol is very hygroscopic the sample used should be dehy- 
drated. 70 c.c. of glycerol are heated in a large evaporating basin on 
a wirf- gauze or sand bath and 8tirre<l with a thermometer until the tem- 
perature reaches 175^ or 180° C. This temperature is maintained for 
abcfat five minutes, after which the water will have been driven off. 

While the glycerol is still warm (about 60°), 50 c.c. of it are poured 
into a retort or a 250 c.c. distilling flask containing 30 gm. of powdered 
oxalic acid. A thermometer should be inserted through a cork and its 
bulb should be immersed in the reaction mixture. The retort or flask 
is fitted with a condenser arranged for distillation, and then the tempera- 
ture is raised by heating evenly with a small naked flame. The tempera- 
ture of the mixture must be kept between 100° and 110° during the time 
that effervescence continues. A small amount of distillate will be obtained. 
A further quantity of oxalic acid is added when the reaction slackens, and 
‘this process is repeated if necessary until sufficient aqueous formic acid 
has been collected. 

The aqueous distillate cannot be concentrated by an ordinary dis- 
tillation process since formic acid boils at 101° C. The solution is there- 
fore best used for carrying out the tests on formic acid described below. 
Lead or copper formate may, however, be made by adding the metajllic 
carbonate in excess, filtering and evaporating to the point of crystallisation. 

Allyl Alcohol, If the residual reaction mixture is heated more 
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strongly so’ that a temperature of lOO'" to 200® C. is attained, a small 
amount of allyl alcohoj (b.p. 96 ®- 97 ® C.) is formed : 

CH,OH CHaOH 

I I 

CHOH = CH + CO, + H ,0 

i II 

CH,OCOH CH, 

The liquid has a very irritating smell. It responds to tlie tests for un- 
saturation (p. 212). 

Tests^ with Acetic and Formic Acids. 

Except where stated these tests can be carried out on a moderately 
strong aqueous solution of the acid. 

1 . These acids react in the usual manner with either caustic soda or 
sodium carbonate solution. In the latter case carbon dioxide is evolved. 

2. The acids form esters when warmed with a little ethyl alcohol and 
a few drops of concentrated sulphuric acid. To a little of the acid (glacial 
acetic acid or 90 per cent, formic acid)“Or a little of the solid sodium 
salt—l or 2 c.c. of ethyl alcohol are added. A few drops of concentrated 
sulphuric acid are necessary to hasten the reaction. After warming 
gently for one minute and then adding an equal volume of water the 
characteristic smell of the ester will be noticed : ethyl acetate smells of 
apples, the formate of rum. 

3 . A little of the acid is neutralised with bench caustic soda — or more 
conveniently, the sodium salt is dissolved up— and neutral ferric chloride 
is added drop by drop. Both formate and acetate solutions give a deep 
red coloration which changes on boiling when the reddish-brown basic 
ferric salt is precipitated. The change may be represented : 

. (H-COO)8Fe -f 2 H ,0 - (H'COO)Fe(OH)2 -f 2H-COOH 
(CH3COO)3Fe -f 2H3O = (CH3COO)Fe(OH)3 4 2CH3-COOH 

4 . Formic acid possesses certain distinguishing features : 

(а) The 90 per cent, acid, or solid sodium formate, when warmed with 
a little concentrated sulphuric acid, gives carbon monoxide. 

(б) A solution of formic acid or sodium formate will reduce mercuric 
chloride solution on warming to mercurous chloride (white ppt.) 
and a little tree mercury (grey ppt.) may be formed. 

(c) If a few drops of })otassium permanganate are added to a solution 
of formic acid containing a little dilute, sulphuric acid, the colour 
of the permanganate is discharged slowly on warming. 

{d) If an alkaline solution of formate is used for the preceding experi- 
ment the colour of the permanganate is immediately discharged. 
A ppt, of manganese dioxide is formed. 

(fc) On adding a few drops of neutral sodium formate solution to a little 
ammoniacal silver nitrate solution, a grey ppt. of silver, or a silver 
mirror, is produced in the cold. 
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Reactions (6) to (e) probably result from the “ aldehydic “ structure 
of formic acid : 



The existence of the — CH=0 group may explain the reducing actioii 
of the acid. 


Hexacetyl Mannitol. 

Mannitol is a hexahydric alcohol with the formula 

CH^OHCHOHCHOH-CHOHCHOH'CHaOH 

It forms eaters with certain acids, these being made by the action of the 
acid chloride or the acid anhydride. 

Enquired : 

5 gm. mannitol 
20 c.c. acetyl chloride 
20 c.c. glacial acetic acid. 

A. 5. — Do tliis experiment in a fume chamber. 

The mannitol and acetic acid are mixed in a small round flask (250 c.c.) 
and a reflux condenser is ready to put in position. 20 c.c. acetyl chloride 
are then added and the condenser placed in ]) 08 ition. A reaction quickly 
begins, with production of heat and evolution of HCl gas. After this 
has subsided the flask is heated on a wire gauze over a small flame for 
about ten minutes, the mixture being kept at the boiling point. Quantities 
of HCl gas are given off. 

The mixture is then poured, while hot, into ICK) c.c. of cold water 
in a beaker and left to stand. The ester separates as a white solid after 
some time. It is filtered at the pump and recrystallised from a little 
alcohol. M.p. 119° C. Yield about 8 gm. 

Glucosazone . 

Glucose readily condenses with jihenylhydrazine to form the glucosazone 
(instead of the simpler phenyl-bydrazone) : 


CH-NNHCeH^ 

CHOH 

CHOH 

CHOH 

CHOH 

CHjOH 

phonyl-hydrazono 


CH-NNH-CeH, 

C-NNHCeH, 

CHOH 

CHOH 

CHOH 

CHgOH 

glucosazono 


Required : 

2 gm. glucose (or fructose) 

4 c.c. glacial acetic acid in 10 c.c. water. 
4 c.c. pheiiylhydraziue. 
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2 gm. glucose are dissolved in 10 c.c. water in a \»oiling tube. In 
another tube 4 c.c. acetic acid, 10 c.c. water and 4 c.c. phenylhydrazine 
are shaken to give a clear solution. The two solutions are mixed, stirred, 
and the mixture heated in a boiling water bath or beaker of water. After 
about 20 minutes the yellow osazone begins to crystallise out. After 
^0 minutes the mixture is cooled and filtered on a small Buchner funnel. 
The solid is washed with a little water, then with a little alcohol, and 
drained thoroughly. 

The osazone can be recrystal Used from acetic acid, and the crystals 
washed with a little cold alcohol. M.p. 210° C. (with decomposition). 

Brohiobenzene. CaHjBr. 

Bromobenzene and chlorobenzene can be made by direct substitution 
using a halogen carrier. lodobcnzene can also be made directly, but the 
reaction is slow and the alternative method, starting with aniline, is 
described on p. 195. 

CeH, + Br, = CeH.Br + HBr 

Required : 

22 gm. (25 c.c.) benzene. 

54 gm. (18 c.c.) bromine. 

0-5 c.c. pyridine. 

The three substances are mixed in a 150 c.c. flask fitted with a reflux 
condenser, and then heated m a water bath kept at 25° to 30° in a fume 
chamber. Fumes of hydrogen bromide are evolved and these may, if 
desired, be absorbed in some water, using a delivery tube and an inverted 
funnel connected to the top of the condenser. After about an hour the 
temperature of the water bath is gradually raised to 05° or 70° C.^ 

When the evolution of acid fumes slackens and most of the bromine 
has disappeared, the flask is cooled and the contents are poured into 
a beaker containing about 100 c.c. of bencli caustic soda. The mixture 
is then transferred to a separating funnel and shaken up. If, after sepa- 
rating the two layers, the iij)per (aqueous) layer gives an acid reaction 
to litmus paper, the bromobenzene is again washed with alkali. The 
bottom layer is then run off and dried over anhydrous calcium chloride or 
anhydrous sodium sulphate and then distilled, using an air condenser. 

A little unchanged benzene comes over first (b.p. 80-5° C.) and then the 
fraction boiling between 150° and 160° is collected separately. Yield 
about 20 gm. The pure comfioimd has a b.p. of 154°-5° C. and has a pale 
yellow colour. Its smell somewhat resembles that of benzene. 

Note. The halogen atom is not removed by the action of eithei 
aqueous or alcoholic caustic potash and the compound is somewhat inert. 
The presence of an ortho or para nitro group renders the halogen atom 
much more reactive. 

Ben&olc acid by oxidation of Benzyl Chloride. CgHs COOH. 

The benzene nucleus (except when “ activated,” cf. p. 193) is stable * 
to all but the very strongest oxidising agents. An alkyl group attached 
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to a benzene nucleus is, however, a readily oxidised “ side-chain.” Oxida- 
tion by alkaline permanganate converts such a side chain into a carboxyl 
group. Unfortunately toluene, the simplest compound for illustrating 
this change, is immiscible with aqueous solutions, and the oxidation* 
proceeds very slowly. Benzyl chloride, made by chlorinating toluene in 
sunlight, is much more readily oxidised, presumably because benzyl 
alcohol is first formed by hydrolysis : 

C^H.-CH^Cl + NaOH = CeH^-CH^OH + NaCl 
and this is soluble in water. 


Required : 

10 gm. potassium permanganate. 

5 gm. anhydrous sodium carbonate. 

5*5 gm. (5 c.c.) benzyl chloride. 

These substances are placed in a half-litre flask fitted with a reflux 
condenser and 200 c.c. of water are added. The mixture is then boiled 
with a few pieces of porous pot on a wire gauze. The oxidation of the 
compound requires at least an hour, and it may be judged to be complete 
when no more oily drops of unchanged benzyl chloride can be seen in the 
condenser. Manganese dioxide is formed as a dark precipitate. 

3CeH5*CH20H -f 4KMn04 = ZO,R,-COOK j- 4MnOj -f KOH -f mfi 

To remove the precipitate (and any excess potassium permanganate) 
sulphur dioxide from a bottle is bubbled through the solution. The 
manganese dioxide forms manganese sulphate and benzoic acid separates 
on cooling. 

CeH^-COOK -f SO2 4 - H2O = CeHs-COOH -f KHSO3 

The acid is filtered olf and recrystallised from hot water. Yield about 
4 gm., m.p. 121° C. 


Test. 

If an intimate mixture of benzoic acid and fresh quicklime is heated 
in a dry test tube benzene is formed. Excess of quicklime should be 
used and the test tube should be fitted with a right-angle delivery tube 
connected to a small condenser or dipping into a test tube surrounded with 
cold water. 

CeH,*COOH -f CaO = CeHe -h CaCOa 

The benzene may be recognised by its smell and by a determination of 
its boiling point by a semi-micro boiling-point method. 

Determination of Boiling Point. A small test tube or ignition tube of 
about quarter of an inch diameter is attached by a rubber band (ne^r 
the rim) to a thermometer which is arranged as for the determination 
of melting points (p. 158). The specimen of benzene is placed ki the 
small test tube and heated by the paraffin of the melting-point bath 
(Fig. 42). The temperature must be raised very slowly and the bath is 
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kept stirred*. An empty melting-point tube is placed in the test tube 
with its open end at tl^e bottom. At the boiling point of the benzene 
(80-5^^ C.) a steady stream of bubbles is pro- 
*duced 'at tke open end of the capillary tube. 

This is a “ micro ” method. If 2 or 3 c.c. of 
tjie liquid are available, a much more accurate 
b.p. can be found by using an ordinary test tube 
and placing the bulb of the thermometer in the 
liquid. The test tube should not rest on the 
bottom of the heating bath. The temperature 
recorded by the thermometer will not then go 
above the boiling point. 

Conversion of Benzoic Acid to Benzoyl 
Chloride. On a small scale this may be done 
by adding enough thionyl chloride to about 0-5 
gm. benzoic acid in a test tube to give a thin 
paste. The test tube is loosely plugged with a 
cork and heated for about ten minutes in boiling 
water (fume chamber). Sulphur dioxide and 
hydrogen chloride are evolved : 

CeH**COOH -f SOCb = CeHs-COCl + SO, + HCl 

Excess thionyl chloride (b.p. 77°) is vaporised. 

On adding a little water to the residue the oily 
nature of the product may be seen. It has the 
characteristic smell of benzoyl chloride. 

Ethyl Benzoate. The preparation of this ester illustrates the impor- 
tant catalytic method of esterification due to Fischer and Speier. 20 gm* 
of be«nzoic acid are dissolved in 60 c.c. of absolute alcohol in a round- 
bottomed flask, and a steady stream of HCl gas is blown through the 
solution (fume chamber). The HCl gas may be made by dropping con- 
centrated sulphuric acid on salt. After passing the gas for about half an 
hour the flask is fitted with a reflux condenser and heated gently on 
a sand bath so that the mixture is kept gently boiling for about hours. 
After this time the excess alcohol is removed by distillation (b.p. alcohol 
78°, ethyl benzoate 213° C.), but before distilling the benzoate it must be 
washed with dilute sodium carbonate solution and then wdth water. 
The separation of the ester from these aqueous layers is assisted by adding 
a little chloroform or carbon tetrachloride. The lower layer is then run 
off and finally dried over calcium chloride and distilled, (Hydrolysis, 
see below.) 

Hydrolysis ojf an Ester of an Aromatic Acid. 

, Required : 

12 c.c. methyl salicylate (oil of wintergreen). 

^^'0 c.c. of approx. 2N caustic soda solution. 
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The two BubstanceB are mixed in a round flask of about 300 c.c. capacity 
fitted with a reflux condenser and heated on a wir<i gauze. A little porous 
pot is added and the mixture is kept steadily boiling for about quarter 
of an hour. At the end of this period there should be no smell of the 
ester. The solution is cooled and placed in a large beaker. On making 
the solution acid with bench hydrochloric acid the free salicylic acid 
sfefparates out. It is filtered at the pump and then recrystallised by 
boiling with a large quantity of water and leaving to cool. The crystals, 
when filtered and dried in the oven, have a m.p. of 157*^. 

Methyl or ethyl benzoate can be used for the experiment, but a longer 
period of boiling under reflux is required, this being continued until 
there are no oily drops visible in the condenser. M.p. benzoic acid 
121° C. 

Nitrobenzene. CgHs-NOj. 

In the presence of concentrated sulphuric acid, concentrated nitric 
acid is a nitrating agent towards aromatic hydrocarbons. The role of the 
sulphuric acid is (i) to bring the reactants into the same phase, (ii) to 
provide nitric acid in a more or less anhydrous state and to prevent dilution 
of this acid as the reaction proceeds. 

C,He + HNO 3 = C JI,-NO, -f H,0 

Although the reaction is not reversible the dilution of the nitric acid is 
undesirable, since the dilute acid functions mainly as an oxidising agent. 

Required : 

50 gm. (57 c.c.) benzene. 

' fiO c.c. concentrated nitric acid. 

^ 60 c.c. concentrated sulphuric acid. 

The sulphuric acid is added to the nitric acid in a 250 c.c. flask, \^hich 
is gently shaken and cooled under the tap. Tlie cold mixed acid is then 
added in small })ortions to the benzene, which is placed in a half-litre 
round-bottomed flask. The mixture must be well shaken after each 
addition, and the temperature must not be allowed to go above 50°-60° C. 
to avoid formation of dinitrobenzene. It is necessary, therefore, to cool 
the flask under the tayi during the nitration, which proceeds with the 
evolution of brown fumes. About twenty minutes are needed for the 
process. The flask is then placed in a water bath at 60° or 70° C. for 
about half an hour. It requires to be shaken from time to time, since the 
substances form two layers at this stage. 

The flask is then emptied into a beaker containing about 300 c.c. of 
cold water, and the nitrobenzene separates as a dense oil at the bottom. 
After pouring oif some of the supernatant liquid the remainder is sepa- 
rated, using a separating funnel, the bottom layer being preserved.*’* The 
nitrobenzene is then shaken in the funnel with water, and then with 
sodium carbonate solution (about 10 gm. in 100 c.c.). After standing for 
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some minutfes the two layers are separated as completely as possible, and 
the nitrobenzene, withoyt washing with water, poured into a small conical 
flask containing some anhydrous sodium sulphate or calcium chloride. 

' When ‘dry tit is decanted into a 100 c.c. distilling flask fitted witli an air 
condenser. It is distilled by heating with a naked flame, and the fraction 
which comes over between 206° and 210° is* collected in a separate receiver. 
Yield about 50 gm. The b.p. of the pure liquid is 209°-210° C. It smells 
of almonds. 

The dark brown residue in the distilling flask is dinitrobenzene. It 
should not be heated strongly so as to avoid charring and subsequent 
difficulty in cleaning, 

'Note. Nitrobenzene is not a reactive substance, and apart from its 
use in the manufacture of aniline it is mainly of interest as a solvent, e.g. 
in carrying out the Friedel and Craft’s reaction. It has a high dielectric 
constant and dissolves electrovalent compounds to some extent. 

Aniline. CeHsNHg. 

Aromatic nitro-compounds may be reduced to the corresponding 
amines by the use of tin and concentrated hydrochloric acid or by iron 
filings and concentrated hydrochloric acid (Hecham]>) and other vigorous 
reducing agents. 

Cells-NO^ } OH - C„H,/NH2 -f 2 H 2 O 
Using tin and hydrochloric acid, aniline forms a salt which must after- 
wards be decomposed by alkali : 

SnCls -I 2HC1 == H 28 nCl 4 
2CeH,-NH3 -f IlaSnCU - (G«H5-NH3)2SnCl4 
Required : 

25 gm. (21 c.c.) nitrobenzene. 

50 gm. granulated tin. 

100 c.c. concentrated hydrochloric acid. 

75 gm. caustic soda in 100 c.c. water. 

The nitrobenzene and tin are placed in a litre round-bottomed flask fitted 
with a reflux condenser. The coni^entra.ted hydrochloric acid is added in 
small quantities at intervals down the c.ondenser so that a brisk reaction 
is maintained for some time. The flask should be shaken from time to 
time. When the reaction between the acid and the tin has subsided the 
condenser is removed and the flask is heated on the water bath for about 
twenty minutes. This completes the reduction and vaporises unchanged 
nitrobenzene m the steam. There should finally be only a faint smell of 
nitrobenzene. 

The aniline is liberated from its salt by adding the caustic soda solu- 
tion. Stannic hydroxide is precipitated at first but redissolves. 

(C,Ij 5 *NH 3 ) 2 SnCl 4 -f 8NaOH = 2CeH5-NHa -f Na^SnOg -f SH^O -f 6NaCl 

The only satisfactory way of separating aniline from the other reaction * 
products is by steam distillation. The flask is therefore fitted up with 
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a steam supply and a condenser as shown in Fig. 43. It is heated while 
steam is passed so as to maintain brisk boiling. , An oily distillate comes 
over at first, but later appears to consist simply of water. About 100 c.c. 
of clear water should be collected besides the turbid distillate. 

To reduce the amount of aniline in the aqueous layer about 30 gm, of 
powdered salt are added to the flask containing the distillate, and the 
mixture is shaken until the salt has dissolved. Using a separating funnel, 
the upper layer of aniline is then separated and the brine is extracted twice 
with about 40 c.c. of ether. The aniline and the ether extracts are united 
and shaken in a conical flask with a little anhydrous potassium carbonate. 
The liquid is then decanted into a second flask, corked, and left to stand 
over coarsely powdered potassium hydroxide until it is clear. 



The ether must be removed by distillation on the water h&th, following 
the usual essential precautions (p. 164). When the water bath has been 
brought to the boil and no more distillate comes over the water condenser 
is replaced by an air condenser and the flask is carefully heated with 
a naked flame. Aniline comes over at 182°-183° C. Yield about 15 gm. 

Tests. 

1. When one or two drops of aniline are shaken with a little sodium 
hypochlorite solution or with bleaching powder solution a violet coloration 
is produced which soon turns brown. 

2. On warming a drop of aniline with a few drops of chloroform and 
about 1 c.c. of alcoholic potash the unpleasant smell of the isocyamde is 
produced (carbylamine test) : 

CHCI3 + C.H.-NHa -1 3KOH - Cell.-NC -f 3KC1 + SEfi 
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3. When bromine water is added to a solution of a little aniline in 
fairly strong hydrochloric acid until the brown colour persists, a pre- 
cipitate of tribrom- aniline is formed : 

CeHs-NHa 4- 3Br, = C^H^Bra-NH, 3HBr 

Note on stetm distillation. At the boiling point the sum of the partial 
pressures of steam {pi) and aniline (p^) must be equal to the atmospheric 
pressure. 

P = Pi + Pa 

It \yill be seen, from Fig. ^4, that the temperature at which steam dis- 
tillation proceeds must accordingly be less than 100° C. Now the volumes 

P 

76 
cm. 


Temperature, "C. ^5" 

' Fia. 44. 

in which the vapours are mixed are proportional to the partial pressures. 
Consequently the weights of water (wj) and aniline (Wj) are given by : 

Pi_ 18 

Pa 

93 

w\ __ 18pi 

93^2 

The process is therefore more efficient than might be expected. 

Acetanilide^ C.R^ NH COCH,. 

The reactivity of aniline is illustrated by the ready formation of 
tribrom-aniline (above). The — NH 2 group “ activates ’’ the benzene , 
nucleus and makes substitution very easy. Towards many reagents the 
compound indeed lacks stability and it becomes desirable to protect the 

M.P.O. 
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— NHj group in particular against attack. Acetylation achieves this and' 
reduces the reactivity of the molecule as a whole. 

CeHs-NH^ 4- CHvCOOH = CeHs NH-COCHa + H^O 

Required : 

25 gm. (25 c.c.) freshly distilled aniline. 

30 c.c. glacial acetic acid. 

The suitability of the specimen of aniline may be judged from its 
colour. If very dark it must be redistilled. 

The aniline and acetic acid are mixed irua 150 c.c. round-bottomed 
flask fitted with an air condenser and a thermometer as shown in the 
figure on p. 179 for the preparation of acetamide. A few pieces of porous 
earthenwar* are added and the mixture is boiled on a wire gauze at such 
a rate that the thermometer reads between 103° and 105° C. After two 
hours’ heating the contents of the flask are poured while hot into 500 c.c. 
of cold water in a beaker. The whiti* solid which separates is filtered at 
the })ump and washi^d with a little cold water. 

The acetanilide is then dissolved in a 5Q per cent, mixture of acetic 
acid and water (about 100 c.c. should suffice), tlie solution being made by 
heating on the water bath. On cooling the substance crystallises out. 
The crysfals are filtered off, washed with a little water and dried in the 
steam oven. Yield about 30 gm., m.p. 112° C. 

Test, 

Acetanilide is hydrolysed by boiling with caustic soda solution : 

CeHs-NH COCHa 1- NaOH - CcH.-NH^ -f CHg COONa 

but more rapidly by hot sulphuric acid of about 70 per cent, strength. 
Free acetic acid and aniline suljihate are formed : 

CeHo-NH COCIIg + ILO -h H 2 SO, = (Cell5 NH2)2H2SO, + CHgCOOH 

After boiling a little acetanilide with excess of 70 per cent, sulphuric acid 
under reflux for about 20 minutes some aqueous acetic acid may be 
removed by distillation. If tfie residual solution is made alkaline the 
free amine is liberated and may be submitted to one of the tests given 
on p. 192. 

p-Brom- acetanilide is readily made. About 2 c.c. of bromine are 
added drop by drop to a solution of 5 gm. acetanilide in a little acetic 
acid. The appearance of a pale yellow colour indicates a slight excess of 
bromine. After standing for ten minutes the mixture is poured into 
water and the precipitate is filtered off and recrystallised from a little 
alcohol. Both 0 - and p-brom-acetanihdes are formed, bi^t the latter 
predominates. Yield 6 gm., m.p. 165° C. 

N-chlor- acetanilide, required for the experiment on the law of Mass 
Action, described on p. 127, is made as follows : 25 gm. of acetanilide are 
stirred with a solution of 25 gm. potassium bicarbonate in 100 c.c. water 
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and a thin suspension of 20 gm, bleaching powder in 1 litre of water is 
added. The exact weight of bleaching powder can only be calculated if 
the amount of available chlorine in 100 gm. of the solid is determined by 
one of the volumetric methods given on p. 82 and p. 86. Slightly more 
than the amount required by the equation 

CeH^NH-COCHa + HOCl = CeH,-NClCOCHa + H^O 
should be used. The mixture should be allowed to stand, with occasional 
shaking, for about an hour. There is no apparent change in the 
acetanilide. On shaking the mixture with about 100 c.c. of chloroform 
the N-chlor-acetanilide is extracted. The bottom layer is run off, using 
a separating funnel. A second extraction with 50 c.c. chloroform is 
desirable. The chloroform is removed by distillation on the water bath 
and the residual liquid, on being poured into a basin, deposits the N-chlor- 
acetanilide in fair yield. To obtain a purer specimen it should be dis- 
solved in the minimum quantity of hot chloroform and then assisted to 
separate by adding petroleum ether, m.p. 91° C. 

Dlazotisation of Aniline. Preparation of compounds from Benzene 
Dlazonium Chloride. 

By preliminary conversion into diazonium compounds the aromatic 
amines can be converted into a variety of important products. The 
diazonium compounds formed in the presence of acid are salts : 

[R-N^N]+C1- 

These are strongly dissociated in solution. Since these compounds can- 
not be kept, it is supposed that enough aniline will be diazotised to carry 
out these exercises two at a time. 

CeHs-NH. HCl -f HNO* - CeH^ N^Cl -f H,0 
Dlazotisation. 

Required : 

15 gm. (15 c.c.) aniline. 

35 c.c. concentrated hydrochloric acid. 

11 gm. sodium nitrite. 

Ice. 

The hydrochloric acid is diluted with 50 c.c. of water, and then the 
aniline is dissolved jn it on stirring. The solution of aniline hydrochloride 
is placed in a small conical flask cooled in ice and some'small pieces of ice 
are added. 

Stirring with a thermometer and seeing that the temperature does 
not rise above 10°, a solution of 11 gm. sodium nitrite in 50 c.c. of water 
is run in very gradually. This converts the aniline hydrochloride into 
benzene diazpnium chloride. The solution, kept at betweeh 0° and 10°, 
is used for the following pairs of experiments. 

1. lodobenzene. 

Three-quarters of the solution of diazotised aniline is used for this 
preparation.^ 25 gm. of potassium iodide, dissolved in 25 c.c. of water, 
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are added to the cold solution and the mixture is well shaken. It is 
allowed to stand for ten minutes, and then is heated on the water bath 
for quarter of an hour to complete the reaction. Nitrogen is evolved and 
some iodine is liberated by the excess of nitrous acid. 

CeH,-N,Cl -f KI = CeH J + N, -f KCl 

After this time iodobenzene will be seen to have separated as a heavy oil. 
Bench caustic soda is added until the mixture is alkaline and then the 
iodobenzene is separated by steam distillation. The apparatus for this 
is as shown on p. 192. If desired the aqueous distillate can be set aside 
for treatment on another occasion. 

The oil is separated from the water layer, using a separating funnel. 
If it is dark in colour it may be shaken with a little sodium thiosulphate 
solution. It is then dried over anhydrous sodium sulphate or calcium 
chloride and distilled, using an air condenser. The fraction boiling 
between 185° and 190° C. is collected. The pure liquid boils at 188° C. 
Yield about 10 gm. 

2. Benzene-azo-^-naphthol. 


OH OH 



About 1 gm. of ^-naphthol is dissolved in about 50 c.c. of bench caustic 
soda: This solution is then cooled in ice and a cold solution of benzene 
diqzonium chloride is run in. The remainder of the diazotised solution 
prepared above will be required. It must be noted that the diazotised 
aniline is run^into the phenol, solution and not vice versa. A scarlet 
precipitate of benzene-azo-/5-naphthol is formed. This is filtered off and 
washed with water on the filter. It is difficult to crystallise, and when 
moist is not readily soluble in acetic acid from which, however, it can be 
recrystallised. About 1 gm. of the crude product should be obtained. 
It is insoluble in caustic soda, and for this reason the formula given 
above must be inaccurate. There appears to be a transformation repre- 
sented by : 



the second formula being perhaps a better representation of the prodfict. 

To prepare the next two compounds a second quantity of aniline 
(15 gm.) should be diazotised as described above. 
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3. Phenol from Benzene Dlazonium Chloride. 

C.H.'N/;i 4- H,0 = C,H,-OH + N, 4 HCl 
Half. the diazotised aniline solution prepared above is allowed to stand 
in a flask *at room temperature for about quarter of an hour. This ensures 
complete diazotisation. The flask containing the solution is warmed in 
« water bath at about 50° for half an hour. The temperature of the 
solution should not exceed 55° C. Nitrogen is given off briskly and \he 
solution darkens in colour. The smell of phenol becomes noticeable. 
The phenol may be extracted with ether and the ether extract dried over 
calcium chloride. On distilling off the ether, taking the usual precau- 
tions, a residue of impure phenol is obtained. The substance can be 
identified by the tests given on.p. 200. Phenol can be distilled, using an 
air condenser, at 175°-185°. Yield about 6 gm., m.p. 41° C. 

4. Dlazoamino- benzene. 

To the remaining half of the diazotised aniline solution 7 c.c. of aniline 
are added, and the mixture is vigorously stirred. Diazoamino-benzene 
separates as a yellow crystalline preci])itate : 

.CeH^-N.Cl 4 C^Hs-NHa -> CeHs N - N-NH-CeH^ 4 HCl 

This substance may be filtered off and recrystallised from alcohol, m.p. 
98° C. Yield about 7 gm. On heating with aniline hydrochloride or on 
treatment with excess mineral acid the compound undergoes an important 
transformation into araino-azo-benzene : 

p-amino-azo-benzene is usually formed, but if the para position is occupied 
a derivative of the ortho compound is formed. 

The Reactions of Primary, Secondary and Tertiary Amines. * 
•The reactions to be described are the following : 

(i) The carbylamine (Hofmann) reaction of primary amines. 

(ii) The reaction with nitrous acid, 

(iii) The reaction with benzene sulphonic chloride (Hinsberg’s method 
of separating primary, secondary and tertiary amines). 

These are general reactions which are used in distinguishing these three 
types of compound, whether aliphatic or aromatic. The reaction of 
aniline with carboA disulphide and of dimethylaniline with ethyl iodide 
are also of interest, 

(i) On warming a drop of aniline with a few drops of chloroform and 
about 1 c.c. of alcoholic potash the unpleasant smell of phenyl isocyanide 
is produced. This is a general reaction of all primary amines. The 
presence of acidic groups interferes, however, since the isocyanide is 
retained by 'the alkaline solution and is not volatile. Secondary and 
tert^ry amines do not produce isocyanides. 

Tests (ii) and (iii) should be carried out on aniline, methylaniline and * 
dimethylaniline. 
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(ii) About 1 c.c. of each of the three amines is dissolved in excess of 
dilute hydrochloric acid and the solution is cooled ta 0-10° C. Sodium 
nitrite solution is then added slowly to the stirreci solution until a drop 
of the mixture turns starch iodide paper blue. This indicates an excess 
of nitrous acid. On heating the solution nitrogen is produced and there 
is a smell of phenol. With methylaniline and dimethylanlline, nitroso- 
compounds are formed : 





N = 0 


The first of these compounds separates as a yellow oil, but it is very 
desirable to extract it with ether and to wash the ether extract with 
water. The residue left after evaporating the ether may be subjected to 
Libermann’s nitroso reaction (p. 200). The p-nitroso-compound derived 
from dimethylaniline separates as the yellow hydrochloride. On treating 
this with caustic soda the green base is liberated. 

(iii) To 5 c.c. of 10 per cent, caustic soda solution in a test tube 4 drops 
of the amine are added, followed by 7 or 8 drops of benzene sulphonic 
chloride. The mixture is shaken for five minutes and then it is heated 
gently and again shaken. Aniline gives the alkali-soluble sulphonamide 
I, methylaniline gives the sulphonamide II, which is not soluble in alkali. 



Dimethylaniline does not react. II separates from the alkaline mixture. 
I is precipitated by adding a little bench hydrochloric acid. 

Note. Benzoyl chloride can be employed here, but the products are 
not easily separated. 

SulphaniUc Acid. 

NHa 

0 

SO3H 

, Concentrated sulphuric acid is a sulphonating agent. It is much used 
for introducing the sulphonic acid group, — SO3H, on to the benzene 
nucleus : C.H, + HO-SO3H - CeH^-SOsH + H^O 
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Fuming sulphuric acid and chlorsulphonic acid, ClSOgil are more rapid 
in their action. The reaction with aniline might be expected to be rapid 
owing to- the presence of an “ activating ” group. In the presence of 
excess sulphuric acid this is not so since the properties of the — NH^ are 
greatly altered by salt-formation. 

Required : 

26 gm, (25 c.c.) aniline. 

80 gm. (45 c.c.) concentrated sulphuric acid. 

The aniline is placed in a 250 c.c. round-bottomed flask, and the sul- 
phuric acid is added gradually with frequent shaking of the mixture. 
The* flask is .then heated at 180°-190° C. on an oil bath or metal bath * 
for a total of four or five hours. At the end of this time a sample of the 
mixture when dissolved in a little water in a test tube remains clear when 
made alkaline with caustic soda. If oily drops of aniline separate the 
reaction is not complete. 

On pouring tj^e mixture into 200 c.c. of cold water sulfihanilic acid 
separates as a grey solid. This is filbned off, washed with cold water and 
recrystallised from hot water with th(^ us(‘ of 4 or 5 gm. of animal char- 
coal. It is dried in the steam oven. Yield about 25 gm. It has no 
melting point but decomposes on heating to a high temperature. 

J^oie. It will be noted that only the ;)-sul phonic acid is isolated from 
this experiment. The o-compound is formed in only small (quantities, 
and separation is cflected in the recrystallisation. 


Preparation of Methyl Orange. 

This compound may be made by coupling diazotised sulphanilic acid 
with dimethylanihne. 



Coupling takes place at the very reactive p position of dime thy laniline. 

2*5 gm. anhydrous sodium carbonate are dissolved in 100 c.c. of water 
and 10 gm. suljihamlic and are added. The acid dissolves on stirring and 
warming. 3-5 gm. of sodium nitrite in 20 c.c. of water are added and the 
mixture is cooled in ice. A solution of 6 c.c. of concentrat(*,d hydrochloric 
acid in 10 c.c. of \fater is then run m gradually. This diazotises the sul- 
phanihe acid, which must be kept cold. On adding a solution of 6 gm. 
dimethyl aniline in 6 c.c. of concentrated hydrochloric acid and 20 c.c. 
water the azo compound is formed. Addition of caustic soda until the 
mixture is alkaline causes the separation of the sodium compound of the 
compound reqiresented m the formula. This is fnethyl orange. It is 
filtered off 9,nd washed with water and dried. It can be recrystalhsed 
frojji hot water. Yield about 12 gm. 

* A mixture of one part lead to two parts bismuth. This is fluid abov^e 120” ;• 
above 140” most oils fume badly. 
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Note. In alkaMne solution methyl orange has the orange colour of 
the anion. In acid solution it is red. The deepening of the colour has 
been ascribed to “ resonance ” between the two cations shown below. 

+N(CH3), 



N 


N NH NH+ 



amon caivons 


Reactions of Phenol. OH 



Phenol is much more reactive than benzene itself. The presence of 
amino or hydroxyl groups directly attached to the ring greatly enhances 
the reactivity of the benzene nucleus, especially at the carbon atoms 
which are ortho and para in respect of the activating group. The stability 
of the ring itself is reduced, and it can be much more readily ruptured by 
oxiditiing agents. 

t\. Liebermann Nitroso Reaction. In a clean dry test tube about 
0-5 gm. of phenol is heated with a very small crystal of sodium nitrife, 
so that the mixture is just melted to a homogeneous condition. The 
molten substance is allowed to cool, and then twice its volume of concen- 
trated sulphuric acid is added. On rotating the tube slowly in order to 
mix the contents a deep green or blue coloration slowly develops. On 
adding an equal volume of water the solution turns red or reddish-brown. 
Excess caustic soda turns it blue or purple. 

This is a good test for phenols provided the para position is not 
occupied. The explanation seems to be that p-nitroso phenol is formed 
‘and then condensation with more phenol takes place. 

N.B . — The test can be carried out with a N-nitroso compound instead 
of sodium nitrite. It is thus a test for these compounds (p. 198). 

2. Schotten-BauiAann Reaction. This is a reaction for the ben- 
zoylation of phenols (and primary or secondary amines) : — 

CeH. ONa -f CeH,-COCl - CeHs-OCO-CeH, + NaCl 

5 gm. of phenol are dissolved in about 60 c.c. of bench caustic soda con- 
tained in a wide-necked bottle or conical flask of about 200 c.(;. capacity. 
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10 c.c. of Jbenzoyl •chloride are then added and the mixture is shaken 
vigorously for ten to fifteen minutes. Care should be taken not to get 
benzoyl chlorida, even m the presence of alkali, on the hands. 

*• The solid ester, phenyl benzoate separates and is filtered off at the 
pump. It should be thoroughly washed with water and then recrystal- 
lised from methyl or ethyl alcohol. Yield about 8 gm., m.p. 69°. 

* The experimental procedure for benzoylating aniline is exactly similar. 
Benzanilide, m.p. 163°. 

3. Trlbromophenol. 

OH 

Brj^Br 

Br 

1 or 2 gm. of phenol are dissolved in about 50 c.c. of water in a beaker 
and then bromine water is run in until there is an excess (about 300 c.c. 
is required). At first the bromine water is decolorised, b*ut finally a white 
or very ]:)ale yellow precipitate of trlbromophenol is formed. It may be 
recrystailised froiii aqueous alcohol or aqueous acetic acid ; m.p. 95° C. 

4. Phenolphthalein (Phthaleln reaction). About 1 gm. of phenol 
is mixed with an equal quantity of phthalic anhydride and moistened 
with two or three drops of concentrated sulphuric acid. The mixture 
is then gently fused for about a minute. After cooling a little excess 
caustic soda is added. A bright rod coloration results. 


OH 



o-Nitrophenol and P-Nltrophenol. 

OH OH 



The nitration of phenol itself tends to go rapidly even in a solvent 
such as acetfc acid, and the main product is 2~4-diuitro})henol. o- and 
p-ni|rophenol are not made very satisfactorily by the action of nitric and 
sulphuric acids. Some of the phenol is oxidised with rupture of the ring ^ 
and condensation between the various substances then present is the 
probable source of the resinous, non-cry stallisable, products. 
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Required : ‘ 

80 gm. sodium nitrate or 95 gm. potassium nitrate- 
100 gm. (55 c.c.) concentrated sulphuric acid.^ 

50 gm. phenol. 

The nitrate is dissolved on warming with 200 c.c, of water in a litre 
flat-bottomed flask. Before the solution is quite cool the sulphuric acid 
is ^dded and the mixture is stirred and cooled to about 20'^ C. At this 
temperature a mixture of 5 c.c. of water and 50 gm. of phenol, warmed so 
that the* latter forms a liquid with the water, is added drop by drop from 
a tap funnel. The nitrating n\ixture must be well shaken during this 
addition and its temperature must be maintained between 20° and 25°. 
The contents of the flask are then allowed to stand for about an hour. 

About 400 c.c. of water are then added. This causes the separation 
of a heavy oil. The aqueous layer is decanted as far as possible and the 
oil is washed by decantation with water so as to free it from acid. It is 
then subjected to steam distillation (p. 192) in order to separate the o- 
and p-nitrophenofe. Of two such isomers the ortho form always has the 
lower m.p. and b.p. A good yield of the o-nitrophenol comes over and 
solidifies. If it solidifies in the Liebig condenser the water flow can be 
turned off until the solid melts and is carried through (m.p. 45°). The 
o-nitrophcnol is filtered «ff and recrystallised from aqueous alcohol. 
Yield about 30 gm. 

The extraction of the p-nitrophenol from the resinous material in the 
flask is best effected by adding a little concentrated hydrochloric acid and 
about 10 gm. of animal charcoal. The mixture is then boiled on a wire 
gauze with gentle shaking to prevent the resin sticking. The mixture 
is then filtered hot through a double thickness of filter paper into a filter 
flask, which contains some warm water (to prevent cracking). On cooling, 
the filtrate may deposit the yellow p-nitrophenol, but if an oil separates 
it must be subjected to a second charcoal treatment and filtration. Not 
more than 5 gm. of the p-nitrophenol is usually obtained ; m.p. 114° C. 

CeH. OH + HNO3 - CeH5(0H)N02 + H^O 

'Sole. The more polar character of p-nitrophenol is discussed by 
Speakman {Valency, p. 99). Both these phenols (and m-mtrophenol) 
give red solutions in alkali. This has been attributed to “ resonance ” 
among the different forms for the anion I, II, III : „ 
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When thoroughly dried the covalent form IV (obtaint^ from acid solu- 
tions) is colourless. As ordinarily made all the nitrophenols are yellow. 

The nitrophenols show a more marked acidic character than phenol 
itself 'and* will, for example, decompose sodium carbonate solution on 
warming. 

Anisole. 

OCR, 



An example of methylation uling dimethyl sulphate. (N.B. The 
vapour of dimethyl sulphate is exceedingly poisonous.) 

Required : 

19 gm. phenol 

10 gm. caustic soda in 70 c.c. of water 

24 c.c. dimethyl sulphate. 

The phenol is dissolved in the caustic soda in a round 250 c.c. flask. 
The dimethyl sulphate is then added, about 5 c.c. at a time, with vigorous 
shaking. There is a rise in temperature and the temy>erature should not 
rise above 6(P. When the mixture begins to cool it is heated on the 
water bath for ten minutes and then the upper oily layer of anisole is 
separated, using a funnel. It is washed with a little water, dried over 
calcium chloride and distilled. Yield 17 grn., b.p. 150°-]52'‘C. 

CfiHsONa + {CH3)2S0, -- C.EfiCE, + CHgSO^Na 
Using diethyl sulphate instead of dimethyl sulphate the ethyl ether, 
phenetole, may be made b.p. 172° C. The conversion of siiedi compounds 
back to the parent phenol is carried out by refluxing with hydnodic ailid. 
Acetophenone. 



This compound, and others like it, may be made by a modification 
of Friedel and Craft’s reaction. Benzene is treated with acetyl chloride 
in the presence of freshly jirepared aluminium chloride. 



Required : 

30 gm. (37 c.c.) dry benzene. 

3G gm. (35 c.c.) acetyl chloride. 

50 gm. aluminium chloride. 

The specimen of aluminium chloride should be either freshly made or 
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taken from a sealed glass container freshly opened. The aluminium 
chloride and benzene are mixed in a 250 c.c. round-bottomed flask fitted 
with a reflux condenser and set up in the fume chamber. The flask is 
kept cool by cold water, while the acetyl chloride is run slowly down the 
condejiser from a tap funnel. The flask should be shaken at intervals. 
It is then advisable to allow the reaction to go to completion by placing 
thj'- flask in a water bath at about 40°-50° C, The contents of the flask 
are converted into a brown viscous mass, which is then shaken into a large 
beaker containing about 200 c.c. of cold water. The mixture is thor- 
oughly stirred. A dark oil separates on the surface. To extract the 
acetophenone the mixture is extracted with benzene. 50 c.c. of benzene 
are added, and the mixture is shaken jn a large separating funnel. The 
benzene layer is separated and is then shaken with some dilute caustic 
soda and then with water. It is finally dried over anhydrous calcium 
chloride and distilled. After the benzene has come over, an air condenser 
is substituted and the acetophenone distils at 195°-202° C. This is 
collected in a separate receiver. Yield about 20 gm. The pure ketone 
boils at 202'^ C. and solidifies in cold weather; m.p. 20° C. 

Note. Acetophenone contains a somewhat reactive methyl- grouj). 
It is readily brominated to give co-brom-acetophenone, CoHjCO-CHaBr, 
and it condenses with benzaldehydc to give clialkoiie. 

Acetophenone -oxime. CgHg — C— CHg. 

j 

NOH 

CeH.-COCHa -f NHaOH-HCl = CeH.-C CHa + 2HaO 4- NaCl 

II 

+ NaOH NOH 

* 5 gm. of hydroxylamine hydrochloride are dissolved in 10 c.c. of water 
and 8 c.c. of acetophenone are added. 3 gm. caustic soda dissolved" in 
very little water are then added. Enough alcohol is then added to give 
a clear solution when hot. The mixtun; is boiled on the water bath for 
two hours and poured into about 100 c.c. of cold water. The oxime is 
then extracted with ether and the residue, obtained after distilling off the 
ether, is recrystallised from petroleum ether. Yield about 8 gm., m.p. 
58°-60° C. 

Reactions of Benzaldehyde. 


CHO 



Tests 1, 3 and 4 for (aqueous) acetaldehyde on p. 168 may be carried 
out on benzaldehyde. The reactions are more difficult in this cyse. 
.Benzaldehyde also gives a bisulphite compound in the manner described 
on p. 169 for acetaldehyde. The reactions of benzaldehyde with caustic 
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soda and with ammonia, are, however, different, and formaldehyde 
alone among the common aliphatic aldehydes resembles the compound 
in some respects. 

1. HySrobenzamide. Water is eliminated between two molecules 
of ammonia and three molecules of benzaldehyde : 

CeH,‘CH=N 

3C«H5‘CH0 + 2 NH 3 -> >CH*CeH, -f 

CA-CH-N'^ 

5 c.c. of concentrated ammonia. solutiop (sp. gr. 0-88) arc added to 1 c.c. 
of ' benzaldehyde in a stout test tube. The tube is then securely corked 
and the mixture is vigorously shaken and then left to stand for at least 
twenty-four hours. The aldehyde is converted into a hard solid mass. 
If not quite solid at the end of this period the mixture must be shaken 
and left for a further period. The hydrobenzamide is then broken up 
and recrystallised from a little absolute alcohol; ni.p. 101° C. The 
substance is very readily hydrolysed back to" its components. 

2. Benzoic acid and Benzyl alcohol (Cannizzaro’s Reaction). 
In the presence of concentrated KOH (or NaOH) benzaldehyde undergoes 
a reaction whereby benzyl alcohol and potassium benzoate are formed in 
equimolecular quantities. Benzyl benzoate is probably intermediate : 

. 2CaH6-CHO = CeHa-CO-OCHaCeHs 

KOH -f CaHs'CO-OCHaCeHa = CeHs-COOK + CeHa-CH^OH 

9 gm. of caustic potash are dissolved in 6 c.c. of water (or 7 gm. caustic 
soda in 8 c.c.) and, when cold, 10 c.c. of benzaldehyde are added. This 
mixture is shaken in a small conical flask which is set aside when a„per- 
manent emulsion has been formed. After three or four hours a dense 
solid mass is formed. About 30 c.c. of water are needed to dissolve t'he 
solid matter present, and the mixture may require to be warmed. If so, 
it must be cooled to room temperature before extracting the benzyl 
alcohol with ether. Tins leaves the potassium or sodium benzoate in the 
aqueous layer. Evaporation of the ether leaves benzyl alcohol (con- 
taminated with a little benzaldehyde) ; the benzoic acid is easily obtained 
by adding dilute hydrochloric acid to the aqueous solution. Benzyl 
alcohol distils at 200°-207°. Benzoic acid melts at 121°. It may be 
recrystallised from* hot water. 

3. Benzaldehyde phenylhydrazone. Thip phenylhydrazone may 
be made without great difficulty, and there is no need to use 2-4-dinitro- 
phenylhydrazine in place of ordinary phenylhydrazme. Nevertheless, 
the 2-4-dinitro compound is exceedingly well crystallised and its prepara- 
tion may b^ preferred. The method is exactly similar. 

^ C^H^-CHO + CeHs-NH NH^ - CeH3-CH=N-NH'CeH5 + H^O 

3 c.c. of benzaldehyde and 6 c.c; of phenylhydrazine are separately* 
dissolved in 10 c.c. quantities of glacial acetic acid (11 gm, of 2-4-dinitro- 
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phenylhydrazine would be needed, and 20 c.c. of acetic acid). The phenyl- 
hydrazine solution is diluted with an equal volume of water, and then 
the two solutions are mixed in a conical flask. On shaking, the phenyl- 
hydrazone soon separates, and after five minutes it is filtered at the pump 
and washed with a little 50 per cent, acetic acid. It is recrystallised from 
a little alcohol. Yield about 5 gm. pale yellow needles ; m.p. 158°. The 
2-^irdinitrophenylhydrazine is obtained in the form of red needles; 
m.p. 243". 


co-Nitrostyrene. 


/%3H=CH'NO, 


This preparation is included, since it is a good illustration of an impor- 
tant condensation : that which takes place between the aldehydic group 
of an aromatic aldehyde' and a reactive methyl or methylene group. 
(Cf. condensation of bcnzaldehyde with acetone and with acetic acid.) 


C^Hs-CHO -f CH3NOJ = CeH.-CHOH-CH^NOa + H^O 


CeH^-CH-CH^NO* = CeH,-CH-CH*N 03 + H^O 


OH 


Required : 

15 gm. (13 c.c.) nitromethane (p. 183). 

26*5 gm. (25 c.c.) bcnzaldehyde. 

50 c.c. methyl alcohol. 

10 gm. caustic soda in 25 c.c. water. 

Ice. 

The nitromethane, bcnzaldehyde and methyl alcohol are mixed in 
a flat-bottomed flask standing in a mixture of ice and salt. The caustic 
soda solution is cooled with ice, and then a little of it is run in from a tap 
funnel. There is a “ period of induction ” and then heat is evolved. 
The temperature must be kept between 10° and 15°, so ice is added to the 
mixture when necessary. After the first small quaptity of alkali has 
been added the remainder may be added rather more rapidly. At this 
stage a sodium derivatire of the intermediate hydroxy-compound is 
formed and may separate out. A further 10 c.c. of methyl alcohol may 
be added to redissolve it. 

After standing for 10 minutes, 300 c.c. of ice-water, containing a little 
solid ice, are added. Then, when the temperature is below 5°, the alkaline 
solution is run into a solution of 100 c.c. of concentrated hydrochloric 
acid in 150 c.c. of water. The nitrostyrene separates as a pale yellow 
'solid. It is filtered, washed at the pump with water and recrystallised 
from a little alcohol. Yield about 20 gm. yellow needles ; m.p. 58° C. 




ONa 

Nitrostjrene has the properties of an unsaturated compound owing to 
the olefine side-chain. . 



QUALITATIVE ANALYSIS OE ORGANIC 
COMPOUNDS 

All organic compounds contain carbon, but not necessarily hydrogen. 
If^it is desired to test for the presence of carbon in a substance the test 
for hydrogen may conveniently be carried out at the same time. 

Carbon and Hydrogen. 

The substance is oxidised by heating it with pure copper oxide. The 
copper oxide must first be heated strongly in a crucible to drive off 
adsorbed water. 

An intimate mixture of about 0*5 gm. of the powdered substance and 
about 5 gm. of the copper oxide is heated in a clean dry test tube, fitted 
with a short delivery tube (Fig. 45). If the delivery tube dips into lime 

water the presence of carbon is 
indicated by a white precipitate 
due to carbon dioxide, ’If sulphur 
is known to be present (below) the 
gas must be bubbled through a 
little potassium dichromate in 
sulphuric acid in a test tube and 
then into, lime water. 

The presence of hydrogen is 
indicated by the condensation of 
water on the upper part of the test 
tube. Water can be recognised 
by its action on anhydrous copper sulphate which turns from white to blue. 
H'alogen. (Beilstein test). 

A small square of medium mesh copper gauze is held in the tongs and 
heated in a Bunsen flame to dull redness until any initial green coloration 
has passed. When the gauze is somewhat cooled a little of the powdered 
organic compound is placed on the spot previously heated, and then the 
gauze is reheated in the outer part of the flame. Immediately succeeding 
the luminosity due to the combustion of an inflammable compound, there 
is a transient bright green coloration if halogen is present. This is due 
to the volatilisation of coj)per halide formed by the action of hot copper 
oxide on the halogen compound. 

This is a reliable negative test, but if a positive result is obtained 
halogen should be confirmed by performing the Lassaigne or Middleton 
fusion given below. The reason for this is that certain amides, contain- 
ing no halogen, can cause the green coloration through the forrpation of 
copper cyanide. 

Nitrogen, Sulphur and Halogen by the Lassaigne Fusion. 

•This test, invented by Lassaigne, enables one to test for the presence 
of nitrogen, sulphur and halogen. It must not be performed in the case 
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of compoilnds which decompose violently on heating nor with carbon 
tetrachloride or chloroform, since violent explosions may result. A safer 
test is Middleton’s fusion given below. 

About 0-5 gm. of the dry substance is melted in an ignition tube or 
a small hard glass test tube, with a small piece of sodium about h^lf the 
^ize of a pea. This quantity of sodium must not be exceeded. The tube 
is held in the tongs and pointed away from the experimenter or an;*one 
else in the vicinity. It is then heated very gently until any initial reaction 
has subsided and no more fumes are seen. It is then safe to heat the tube 
to dull redness. It is then immediately lowered in a vertical position into 
about 20 c.c. of distilled water in a small clean mortar. The tube dis- 
integrates and the water reacts vigorously with the residue of sodium 
peroxide and a little sodium. It is advisable to tap the tube firmly on 
the bottom of the mortar so as to distribute and cool the contents. 
This reduces the risk of the contents being blown into the air through 
formation of steam. 

The mixture in the mortar is stirred and powdered with the pestle. 
It is then filtered. The filtrate is divided into three parts, which are 
treated as described below. 

1. Test for Nitrogen. If nitrogen is present it will have formed 
sodium cyanide. An equal volume of freshly made ferrous sulphate solu- 
tion is added. If a dark greenish-grey preci])itate of ferrous hydroxide 
does not form, a little caustic soda solution is added. The mixture is 
then boiled in a boiling tube for a few minutes so that potassium ferro- 
cyanide may be formed : 

Fe(OH)j -f 6NaCN Na,Fe(CN)e -f- 2NaOH 
The solution is then acidified. A dark blue colour at this stage indicates 
nitrogen, there being enough ferric salt formed by oxidation to give ithe 
precipitate of Prussian blue. Otherwise ferric chloride is added after 
acidifying. Nitrogen is indicated by a dark blue coloration or precipitate. 

If a green coloration is obtained it may be due to insufficient reaction 
with sodium in the original fusion. This is a difficulty which arises with 
volatile compounds. If the fusion is repeated it may be advantageous to 
add the substance in small quantities to some molten sodium m an ignition 
tube. That is, the order of the substances is reversed. 

2. Test for Sulphur. If sulphur is present it will have formed 
sodium sulphide. Mix the second portion of filtrate with an equal volume 
of freshly made sodium nitroprusside solution. A bright violet or purple* 
colour indicates sulphur. 

Sodium nitroprusside has the formula Na 2 [Fe(CN) 6 NO]. The purple 
compound is represented by Na 4 [Fe(CN) 5 (NOS)]. 

3. Test for Halogen. If the Beilstein test gives a positive result 
halogen may be present. If so, a sodium halide will be formed during 
the Lassaigne fusion. The procedure depends on whether nitrogen hats 
been shown to be present. 

M.f.O. 
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(a) Nitrogen absent : the filtrate is acidified with dilute nitric acid 

and silver nitrate solution is added : ^ 

White ppt. soluble in NH4OH chloride. 

White ppt. slightly soluble in NH4OH bromide. 

Pale yellow ppt. insoluble in NH4OH iodide. 

(b) Nitrogen present : the filtrate is acidified with dilute nitric acid and 
evafporated in a basin (in the fume chamber) to half the original volume. 
This is necessary to drive off the cyanide as hydrocyanic acid (exceedingly 
poisonous). After the evaporation silver nitrate is added as in (a). 

Middletons Method. This method has an advantage over the ^as- 
saigne method, in that the reaction is less violent and there is no excess 
sodium to be disposed of. Pure zinc dust and anhydrous sodium car- 
bonate are used instead of sodium. Any sulphur })resent forms insoluble 
zinc sulphide ; halides and cyanides are detected in the same manner 
as before. ■ 

About 1 gm. of zinc dust (A.R. standard) is mixed with about half its 
weight of anhydrous sodium carbonate, and the mixture is then placed in 
an ignition tub('. A (piantity of the organic compound which represents 
about a fifth of the zinc-carbonate mixture is then added and thor- 
oughly mixed. A 1-inch layer of the zinc-carbonate reagent is then intro- 
duced into the tube and pressed firmly with a glass rod. When heating, 
the flame is first ajiplied near the top of the mixture and then the heating 
is gradually extended until the whole of the contents are heated to red- 
ness. The heating is continued for about two minutes, and then the hot 
tube is plunged into 20 c.c. of distilled water in a clean mortar. The 
mixture is well ground with a pestle and then transferred to a beaker and 
boiled for a few seconds. The clear solution is then decanted into a filter. 
The tests to be ajiplied to the filtrate are as in 1 and 3 above for the 
Lassaigne fusion. 

To test the residue on the filter paper for sulphide it is simply necessary 
to add about 10 c.c. of dilute hydrochloric acid and test for hydrogen 
sulphide. This is best done by placing over the filter a filter jiaper in 
the centre of which a drop of lead acetate solution is placed. A black 
coloration indicates the presence of sulphur in the original substance. 
Metals. 

The presence of a metal in an organic compound is detected by igniting 
a little of the substance on a crucible lid until all black carbonaceous matter 
is burnt away. A white residue is left by alkali metals (carbonates) and 
by alkaline earths (oxides). A flame test may be helpful. The recog- 
nition of the metal may require the examination of the residue by the 
methods of qualitative analysis. 

THE RECOGNITION OF SIMPLE ORGANIC COMPOUNDS 

The identification of organic compounds other than those of com- 
paratively simple nature lies beyond the beginner in organic chemistry. 
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The followmg is therefore a simple introduction to the subject only. The 
tests described should preferably be performed after the elements present 
in the compoulid have been discovered (p. 208) for this information may 
immedia1»ely exclude certain classes of compound as possibilities. 

A. Preliminary tests are carried out so as to discover, if possib'le, the 
kind of compound the substance is, e.g. alcohol, aldehyde, ester, 
etc. 

I. Action of water (cold then warm). The compound may prove to be 

(а) an insoluble solid or immiscible liquid : 

e.g. hydrocarbons and their halogen-substituted derivatives, 
most ketones, ethers and esters, amines, 
most cyanides or nitriles, 
nitrocompounds, 
aromatic aldehydes, 

(some aromatic acids and phenols are sparingly soluble and 
may crystallise out on cooling the hot solution). 

If the substance is not perceptibly soluble it is advisable immedi- 
ately to try : 

(i) dilute HCl, If this causes the substance to dissolve up it is 
probably an amine. An acetyl derivative may be prepared from 
a primary or secondary amine ({>. 178, test 3) and its melting 
point found. 

(ii) dilute NaOH, This in the cold dissolves acids and phenols, 
also some esters. 

(б) a soluble solid or a readily miscible liquid : 
e.g. common alcohols, 

phenols, 

aliphatic aldehydes, 
acetone, 

low molecular weight amides and urea, 
carboxy acids and their sodium, potassium and ammonium 
salts, 
sugars, 

low molecular weight aliphatic amines, 
methyl oxalate. 

The solution in water should be tested with litmus. Salts of 
organic acids are commonly slightly alkaline ; salts of organic 
bases and strong acids are commonly slightly acidic. In either 
case, to gain further information, samples of the solution should be 

(i) made acid with dilute HjSO^. This will liberate the free 
a(;id from its salt. The acid may be recognisable by its smell 
(warm) or because it is obtained in the form of a white precipitate 
which can be filtered off, washed, dried and then the m.p. found. 

(ii) made alkaline with 30% NaOH and warmed. A strong* 
ammoniacal, fishy smell will indicate an aliphatic amine (the 
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vapour may ignite). Aromatic amines will be liberated from their 
salts in the form of oily drops or as a suspension. The free base 
may then, in the latter case, be isolated and acetylated to obtain 
a solid derivative (p. 178, test 3). ^ 

Amides liberate ammonia and the sodium salt of the corre- 
sponding acid is formed. On acidifying with dilute HjSO* the 
‘ acid is liberated (smell, or note precipitate). 

Chloral reacts with alkali to give chloroform (smell.) 

(c) a liquid or a solid which, although not miscible (or soluble) in 
water, in the cold or on wanning undergoes hydrolysis, 
e.g. acid anhydrides, acid chlorides. 

In these cases a strongly acid solution will be formed as the reac- 
tion proceeds. Acid chlorides liberate chloride ion which may be 
recognised by testing with silver nitrate and dilute nitric acid. 

11. If the action of caustic soda has not been examined under I (6) 
above the test should now be carried out. (Use 30% solution.) 
Acids and phenols dissolve in cold NaOH, 

Ammonium salts give a smell of ammonia without heating. 
Amides give ammonia only on heating. 

Esters are slowly hydrolysed on heating (the change being observed 
when the mixture is boiled under reflux for some minutes). 
The sodium salt of the acid may separate out. 

Volatile amines are liberated from their salts. (Those smell of 
ammonia as well as having a fishy smell and the vapour is 
inflammable). 

, Aliphatic aldehydes gives brown resins ; aromatic aldehydes 
undergo the Cannizzaro reaction and deposit a white solid (the 
sodium salt of the acid formed). 

III. If the substance is much more readily soluble in caustic soda than 
m water, it should be treated with cold sodium carbonate solution. 
The mixture may be gently warmed if there is no visible action in 
the cold. Carbon dioxide is evolved when acids, nitro- or chloro- 
phenols, or polyhydric phenols are present. 

IV. Bromine in carbon tetrachloride is used as a test for unsaturation. 
The reagent is added to a solution of the substance in carbon tetra- 
chloride, chloroform or petrol ether. It can be added direct to a 
liquid compound. Instant decolonsation of each drop of bromine 
solution as it goes in, without the evolution of HBr indicates un- 
saturation. If HBr is evolved (acid fumes) substitution is taking 
place (aliphatic aldehydes, ketones and acid chlorides are readily 
substituted). Some phenols and aromatic amines give precipitates.' 

V. Baeyer’s Reagent (p. 167). The purple colour is destroyed by 
unsaturated compounds, aldehydes and formic acid, and phenols. 
Acetone and methyl ethyl ketone do the same on warming. 
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VI. Organic acids or their sodium salts should be powdered with soda lime 
and heated in a dry test tube. The volatile product may be recognised 
from’ its ^ell, the way in which it burns, etc. 

Formic or oxalic acid gives hydrogen ; 

Acetic acid gives methane ; 

Benzoic acid gives benzene ; 

Tartaric or citric acid gives a smell of burnt sugar ; 

Glycine gives mcthylamine (alkaline, fishy smell and inflammable.) 

B. The boiling point or melting point of the substance should be 
found. A small scale distillation is much the beat way of examining 
5n unknown liquid to determine its boiling point. It may prove to be 
a mixture. The following table gives the b.p. and m.p. of some of the 
commoner compounds. 


Hydrocarbons 


b.p. c c.) 

m.p. (°C.) 


Benzene 

80 

5-5 


Toluene 

110 



o-Xylene 

142 



Naphthalene 


80 

Halogeij- 




substituted 

Methyl iodide 

43 


hydrocarbons 

Ethyl broinido 

38 



Ethyl iodide 

12 



n-Propyl iodide 

102 



iso -Propyl iodide 

89 



Ethylene dichloride 

84 



Ethylidenc dichloride 

58 



Ethylidene dibromide 

109 



Chloroform 

61 



Carbon tetrachloride 

76 



Iodoform 


119 


Benzyl chloride 

176 


Algohols 





Methyl alcohol 

65 



Ethyl alcohol 

78 



n -Propyl alcohol 

97 



Benzyl alcohol 

205 


Esters 





Methyl acetate 

57 



Ethyl acetate 

77 



Methyl benzoate 

199 



Ethyl benzoate 

212 



Methyl oxalate 

163 

54 


Ethyl oxalate 

186 



Phenyl benzoate 


69 

Aldehydes 





Acetaldehyde 

21 



Paraldehyde 

124 



Metaldehyde 


112 (sublimes) 


Metaformaldehyde 


171 


Chloral 

96 



Chloral hydrate 


67 


Benzaldehyde 

179 
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' b.p. rc.) m.p. (‘C.) 



Glucose 


144 


„ osazone 


. 210 


Fructose 


95 


„ osazone 


210 * 


Galactose 


163 


„ osazone 


184 


Lactose 


203 


„ osazone 


200 

Ketones 

Acetone 

56 



Methyl ethyl ketone 

81 



Acetophenone 

202 

26 

Amines 

Benzophenone 


48 


Aniline 

183 



acetyl derivative 
Methyl aniline 

192 

112 


acetyl derivative 


102 

Amides 

Dimethyl anilme 

193 



Acetamide 


82 


Benzamide 


128 


Urea 


132 

Carboxy- 

Oxamide 


Decomp. 

acids 

Formic 

101 



Acetic 

118 



Propionic 

Chloracetio 

141 

63 


Oxalic 


98 


Benzoic 


121 


Cinnamic 


133 


Salicylic 


156 

Acid 



chlorides and 

Acetyl chloride 

55 


anhydrides 

Acetic anhydride 

136 



Benzoyl chloride 

198 


Phenols 




Phenol 

183 

41 


Resorcinol 

277 

110 


Quinol 


169 


o-Nitrophenol 


44 

Ethers 

p-Nitrophenol 


114 


Diethyl ether 

35 



Anisole 

162 



Phenetole 

172 


Nitro-oompounds 

Nitrobenzene, 
m - Dinitrobenzene. 

210 

90 


o-Nitrophenol 


4h 


p-Nitrophenol 


114 


C. To coufirm that the compound has been correctly identified it is highly 
desirable — especially in the case of a liquid — to prepare from it a 
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cryststlline derivative and determine its melting {)oint. The follow- 
ing are suggestions^ of methods of procedure which might be followed, 

1. Aromatic Ifydrocarbons may be converted to solid nitro-compounds 
by th6 action of nitric acid under carefully regulated conditions. Thus 
benzene yields w-dinitrobenzene m.p. 90° C, It is, however,* highly 
daTigerom for a beginner to attempt to nitrate a substance about the identity 
of which there is any doubt. Such an experiment should be done •nly 
under instructions. An alternative is to attempt to crystallise a picrate 
by mixing warm alcoholic solutions of the substance and picric acid, 
e.g. naphthalene picrate (a molecular compound) m.p. 149° C. 

2. From alcohols or phenols attempt to prepare the benzoyl ester by the 
Schotten Baumann method (p. 200). This is most suitable when the 
ester proves to be a solid for it can then be filtered off and recrystallised. 

3. From aldehydes and ketones the phenylhydrazone or 2-4-dinitro- 
phenylhydrazone may be made following the procedure described 
on p. 170. 

4. Amines (primary and secondary) may be converted into their acetyl 
or J^enzoyl derivatives (pp. 178 and 201). Picrates of many organic 
bases are readily obtained by adding a solution of picric acid in alcohol 
to a solution of the free base. In the case of aniline it is best to use 
aniline hydrochloride in water and sodium picrate solution. Aniline 
picrate m.p. 181°, dimethyl aniline picrate m.p. 142°. 

5. Amides of aromatic acids may be hydrolysed by heating with a little 
30% caustic soda. The solution is then diluted and made acid with 
hydrochloric acid. This precipitates the organic acid which may be 
filtered off and recrystallised, probably from hot water. Urea* alone 
of common amides readily gives a crystalline nitrate on adding a jjttle 
cone, HNOg to the solution in water. 

6. Acid chlorides and esters may be readily converted into amides, which 
are crystalline bodies, by suitable treatment with ammonia. Cf. 
p, 180, the preparation of oxamide and benzamide. 

7. Aromatic amines and phenols and some of their derivatives readily 
give crystalline brom-substituted compounds when treated in solution 
with bromine water, cf. pp. 193, 201. 

It is frequently necessary to transform the substance into a different 
one which may be more certainly recognised. Thus nitro-compounds 
are reduced to primary amines by the action of zinc dust in acetic acid 
—the mixture finally being made alkaline to liberate the base. Cyanides 
may be hydrolysed by refluxing with caustic soda until no more ammonia 
. is evolve^ ; a solution of the sodium salt of the corresponding acid is 
then obtained and from this the free acid may be liberated. In general 
the aim is to secure a well-crystallised compound which has a definite 
melting point. 
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Pressure of Aqueous Vapour. 


Te^p. °C. 

mm. Mercury 

Temp. °C. 

mm. Mercury. 

0 

4-6 

11 

9-8 

1 

4-9 

12 

10-6 

2 

63 

13 

11-2 

3 

6-7 

14 

120 

4 

61 

16 

12-8 

6 

6-6 

16 

13-6 

6 

7-0 

17 

14-6 

7 

7-5 

18 

15-5 

8 

8-0 

19 

16-6 

9 

8-6 

20 

17-6 

10 

9-2 



Acids. 




Mineral acids are bought either as ‘‘ Commercial ” or “ For Analysis.” 
In making up solutions for standardisation the latter quality is desirable. 
For one litre of approximately Normal acid the following volumes of 

concentrated acid should be diluted to make 

one litre : 




Volume for 


Sp gr. at 15° 

Per cent. 

1 litre of 


0 / amc. acid. 

solution. 

N. acid. 

H,SO, 

1-84 

96 

28 c.c. 

HCl 

M6 

31-6 

100 c.c. 

HNO3 

1-41 

68-0 

65 c.c. 

Indicators. 




The following arc the pH ranges 

and colour changes of some common 

indicators. 





pH range. 


Colour change. 

Thymol Blue 

1-2- 2-8 


red-yellow 

Methyl Orange 

3 0- 6 0 


orange -red-yellow 

Methyl Red 

4-4- 60 


red-yellow 

Litmus 

6 0- 80 


red-blue 

Phenolphthalein 

8-3-1 00 


none-red 

Thymolphthalein 

10 0-110 


none-blue 

Resorcin Yellow 

11 0-120 


green -yellow-orange . 


Absolute Alcohol. 

This IS a very expensive substance, and it must not be used for any 
purpose for which industrial spirit or methylated spirit would be satis- 
factory. It is stored in a well-stoppered bottle which contains some 
quicklime or anhydrous copper sulphate. 

Ordinary industrial spirit may be rendered suitable for most of the 
organic preparations described in this book by allowing it to stand for 
a few days over anhydrous copper sulphate. When dried in this way 
the alcohol should not cause a fresh specimen of anhydrous copper sulphaV/C 
tc turn blue. 
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Distilldtion*^ of industrial spirit yields a constant-bdilinj? mixture with 
water (95-6 per cent, alcohol by weight). To free the alcohol from water 
it* may be dehydrated by boiling gently with quicklime under a reflux 
condensetf. About one-tenth of the weight of alcohol is a suitable weight 
of freshly ignited quicklime to use. Alternatively, magnesium turnings or 
ribbon may be used, with a trace of solid mercuric chloride. The flask 
's heated on the water bath for at least four hours. The alcohol is Uien 
distilled on the water bath after a further quantity of quicklime has been 
added. The boiling point of the anhydrous alcohol is TBA” C. at 76 cm. 
mercury pressure. 

For larger quantities of absolute alcohol a different method may be 
employed. This consists in distilling a mixture of alcohol and one- 
quarter of its volume of benzene. A mixture of all three components — 
alcohol, water and benzene — comes over first, then benzene and alcohol 
distil and finally pure alcohol alone. This has the disadvantage of being 
somewhat expensive as a laboratory method. 

The Cleaning of Apparatus. 

All apjiaratiis used in analysis or in the preparation of inorganic 
compounds must be washed thoroughly with water mimed iat('ly after 
use. It should then be wiped dry with a clean cloth or allowed to dram 
in a rack. 

Apparatus which has been used for the preparation of organic com- 
po aids is frequently contaminated with tarry or carbonaceous material 
which IS not remov(‘d by water or dilute acid or alkali. A little methy- 
lated spirit or acetone solvent should be tried in the case of a tar. After 
draining out, the vessel is rinsed with water and then a little concentrated 
nitric acid may be cautiously introduced. If heat is ajiplied it must be 
done very carefully since a vigorous action may develo]), accompanied 
by, sudden evolution of brown fumes. In the more stubborn cases potas- 
sium chromate solution, to which has been added half its volume of 
concentrated sulphuric acid, may be used. The apparatus should be left 
to stand with this solution in it overnight. In all cases, when the deposit 
has been removed, the apparatus should be well w'ashed with water. 

The Drying of Apparatus, 

When a jiiece yf ajiparatus is ri'quired to be clean and dry, all water 
should be drained out and then it is rinsed with a little methyl alcohol 
or acetone. Mdiile blowing air from a bellows into the apparatus byi 
means of a glass tube reaching as far as possible, the apparatus is rotated 
slowly. If it IS made of thin glass it may be held in the hot air above 
a wire gauze heated by a Bunsen burner — not over the flame itself. Thick 
glass apparf^tus is never heated. 

* Note,. Such distillation without permission by the Commissioners of Customs 
anef Excise is illegal in England. 
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To compare oxidising or reducing agents systematically it is necessary 
to introduce the idea of the oxidation-reduction potential. The full 
theoretical treatment of the subject cannot be given here. As has been 
mentioned, however, an oxidation-reduction change concerning electrolytes 
can be represented as a transfer of electrons : 

oxidn . 

Fe++ - e re+++ 

redn. 
oxidn. 

I--e I 

redn. 

A platinum electrode, dipping into a solution containing the oxidising agent 
and its reduction product, will develop a charge, the sign and magnitude 
of which depend on the position of equilibrium. An oxidising agent will 
tend to remove electrons from the platinum and thus render it positively 
charged. The magnitude of the charge may then be used to place the 
oxidising agent with respect to other agents. To standardise the con- 
ditions the oxidising agent and its reduced form are present in molar 
concentration, and the platinum electrode is coupled with a Normal 
hydrogen electrode so that the E.M.F. of the cell can be found. The 
following results, which have been published, illustrate the matter. 

Oxidising 

agent. Change involved. Potential 


KMn 04 

MnOr 4 8H+ 4- 5e 

Mn++ -h 4 H 2 O 

-f 1‘62 volts. 

KBrO, 

BrOj- 4- -f 6e 

^ Br- 4- SHjO 

-f 1-48 

Ce(S 04 )a 

Ce++++ + e 

^ Ce+++ 

4- 1-45 

KjCr^O, 

CrjOr~ + 14H+ 4- 6e 

^ 2Cr+++ 4- 7HaO 4- 13 


iOj 4 2H+ 4- 2e 


4- 1 23 

FeClg 

Fe+++ 4- e 

^ Fe++ 

4- 0 75 

Ij(in Kl) 

iU + e 


-f 0-64 

Reducing 




agent. 




SnCl, 

Rn<-+ 

- 4 2e 

- 0 14 

CrC^b 

Cr+ + 

^ (>+++ 4 - e 

- 0-40 

Zn 

Zn 

Zn^+ + 2e 

- 0 76 


The potentials given are based on the arbitrary supposition that the 
Normal hydrogen electrode develops zero potential. Unfortunately the 
table cannot be applied in any very simple manner, since the potentials 
are found to be affected by the presence of other ions and also must be 
corrected for the actual concentrations present. Thus ferrous sulphate 
has a higher potential in dilute sulphuric acid than it has in water, and 
this agrees with the well-known fact that the substance is more quickly 
oxidised by air when in neutral solution. But these effects are themselves 
useful. The presence of phosphoric acid is found to lower the potential 
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of ferric cliloriSe, and this is the reason for using phosphoric acid in con- 
junction with diphenyjamine indicator (p. 76). 


•A Short Table of Atomic Weights (1940 values) 


Aluminium 

A1 

26-97 

Lead 

Pb 

207-21 

Antimony 

Sb 

121-76 

Lithium 

Li 

6-94 

Arsenic 

As 

74-91 

Magnesium 

Mg 

24-32 

Barium 

Ba 

137-36 

Manganese 

Mn 

54 94 

Bismuth 

Bi 

209-00 

Mercury 

Hg 

200-61 

Boron 

B 

10-82 

Nickel 

Ni 

58 69 

Bromine 

Br 

79-92* 

Nitrogen 

N 

14-01* 

Cadmium 

Cd 

112 41 

Oxygen 

0 

16-00 

Calcium 

Ca 

40-08 

Phosphorus 

P 

30-98 

Carbon 

C 

12-01 

Platinum 

Pt 

195-23 

Cerium 

Ce 

140 13 

Potassium 

K 

39 096 

Chlorine 

Cl 

35-46* 

Silicon 

Si 

28-06 

Chromium 

Cr 

52-01 

Silver 

Ag 

107 88 

Cobalt 

Co 

58 94 

Sodium 

Na 

23-00* 

Copper 

Cu 

63 57 

Strontium 

Sr 

87-63 

Fluorine 

F 

19-00 

Sulphur 

S 

32-06 

Gold 

Au 

197-20 

1’in 

Sn 

118 70 

Hydrogen 

H 

1 008 

Titanium 

Ti 

47-90 

Iodine 

I 

126-92 

Vanadium 

V 

50 95 

Iron 

Fe 

55-85 

Zinc 

Zn 

65 38 


• These values have been given correct to two places of decimals although the 
1940 table gives them to three places. 



LOGARITHMS 






logarithms 


1 2 3 4 5 e 7 « 9 


61 7076 

62 7160 

63 7243 

64 7324 

* 7404 

66 7482 

67 7560 

68 7634 

69 7709 

60 7782 

61 7853 

62 7924 

63 7993 

64 8062 

65 8120 

66 8196 
67 8261 

8326 
69 8388 

21 ^451 

71 8518 

72 8578 
78 8633 
74 8692 

— - ^761 ! 

76 8808 I 

77 8805 i 

78 8021 f 

79 8976 t 


7084 7O03| 
7168 71771 
7251 72591 
7332 7340 
7412 |74j^l 
749 o|7407i 
7566 75741 
7642176491' 
77167723 : 


ilTlOllrilO 

'1718517193 

i;7267'7276 

>| 7348 ; 7356 

i7506j7618 

1758217680 

1765717664 

7731,7738 


^ ^7^l7m|7^i78l0 
7860 7868 7876 7882 
7931 7988 7946 7962 
8000 800718014 8021 
jW|8^j^2 8089 
8186 i8142|8^ 8^1 
8202 820918216 8222 
826718274(8280 8287 
8331 8388(884418351 
8396 8401 6407 8414 
8^8^84^18^ 
8619 8626 8531 8537 
8579 8685 8591 8697 
8639 8646 8651 8657 
j^S98 8704 87^0 8716 
8756|8762|>^,8^^ 
^4|8820|8826i88^ 
8a7lj8876)8882i8887 
8927(893218938 8948 
898218987,8993 8998 i 


' 7118 7126 7135 714317152 1 
7202 7210 7218 7226 7235 1 
7284 7292 7300,7308 7316 ] 
7364 7372 738U | 7388 73^ 1 
7443 7461 ^l7466'7474 T 
7520 7528 763617643 7561 T 
7597 7604 7612 7619 7627 1 
7672 7670 7686 7694 7701 1 
7745 7762 77(tO ^7 77U ] 
7818 7825 7832^9 7^ T 
7889 7896 7903 7910 7917 1 
7969 7966 79737080 7987 1 
8028 8035 804118048 8056 1 
j096 8102 8109 , 8116 8122 1 
8162 8169 SlTejsmlsi^ T 
8228 8236 824li8248 8^ T 
8293 8299 880618312 8819 1 
'8357 8363 837018876 8882 1 
^20 8426 843218489 8446 1 


2 8 8 4 6 6 7 8 

2284 5677 
2284 6667 
2 2 8 4 I 6 6 6 7 I 


2 2 3 4 6 5 6 7 

* 2 8146 6 6 7 

1 2 8:44 5 6 7 

1 2 3 4 I 4_ 6_6 7 

J 2 3 i.1 4 5__0 ~6 

123 414 666 

1 2 3 34 5 C 6 

12s!34666 

1 2 8 IS I 4 6 6 0 


^ ^30i9042| 9047 |9053 9058 

81 9085 9090 90961910119106 

82 9138 9143 9149'9154I9]59 9166 

88 9191 9196,920119206 9212 9217 
84 9243 9248|9258(92M 92M 0269 
— j299 9804 |9309|9m ’oiio' 

^360 9356 9860'9365 087O| 

22 »400|9405i9410|9415 9420 

qS nfi* 9450 9466[9460l9466 9469 
^*94 9^99 ^04 9509 I 96I8 961^ 
11 9542 9647 9662 965710662 9^^ 


^;^|878^879i!^^7,8^ 1 
8837 r^42 8848 '8854 8869 1 
8893 I 8899 81^04 8910 8916 1 
8949 1 8964 8960 8966 8971 1 
9004 9009 90 1 5 9020 902*i 1 


1.9063(9069 9074 9079 I 1 


1 9505,960019605 9609 9614 9619 9624 98‘>R Ofts\ n 

sisisss; :a rs si 

' !?7*5;»760 ^4 ^ » 

978219^86 9791:9795 9800 9m 9609 9814 9818 0 
9827 9832 9836'0841 9845 9850 9864 9850 qqpo TT 

0917'992l '9926'9oSn »8‘>4l»K99 0003 9908 0 

yyi7 yyzl 9926 9930 9934 9939,994^ Of) (ui m n 
»961,99S.<.;»e»8,997i 9978 99M 99 “ SSi? SLl 2 


982r>j0330 9^5 0340 1 
9875 9880 9886 93W 1 
9425 9430 9486 9440 0 
9474 9479 9484 9489 0 
^528 9528 9533 1^38 0 
W71 ^81 ^86 (7 

9619 9624 9628 9688 0 
9666 9671 0675 9880 0 
9713 9717 0722 0727 0 
9769 9768 9768 9778 0 
9805 9809 9814 9818 0^ 


5 1 1 2 21 

1 1 

2 2| 

1 1 

2 2 

1 1 

2 2 

1 1 

2 2! 

1 f 1 2 2 1 

1 1 

2 2 

1 1 

2 2| 

1 1 

2 2' 

1 1 

2 2| 

1 1 

2 2|: 

1 1 

2 2(; 

1 1 

2 2 1 

1 1 

2 2! 

1 1 

2 2 ! 

1 1 2 2’'h 

1 1 

2 2|S 

0 1 

1 2(2 

0 1 

1 2(2 

0 1 

1 2 2 

0 1 

1 2 1 2 

0 1 

1 2|2 


3 

1 4 

5 _5 

_6 

3 


5 5 

6 

3 


6 6 

6 

3 


4 5 

6 

3 


4 6 

e 

1 

7 

_4__5 

6 

3 


4 5 

5 

3 


4 5 

6 

8 


4 5 

6 

3 


4 5 


3 

8 

4 5 

5 

8 

s' 

4 5 

5 

8 

3 

4 4 

5 

3 

8 

4 4 

6 


8_ 

4 4 

_6 


8_ 

4 4 

5 


3 ' 

4 4 

6 

i 

8 

4 4 

6 

1 

3 

4 4 

6 


i 

4 4 

1 


8 4 4 6 
8 8 4 4 
8 8 4 4 
8 8 4 4 


8 8 4 4 
3 S 4 4 
8 8 4 4 
3 8 4 4 


8 8 4 4 

8 8 4 4 
3 3 4 4 

8 3 8 4 



INDEX 


Acetaldehyde, preparation of aqueous, 
167 ; derivatives, 169-170 ; re- 
actions, 168-170 

Acetamide, preparation of, 179 ; re- 
actions, 180 

Acetarylide, preparation of, 193 
Acetic anhydride, preparation of, 177 
reactions, 178 

Acetone, from commercial acetone, 170 
reactions. 171 
Acetonitrile, 182 

Acetophenone, preparation of, 203 
-oxime, 204 

Acetyl chloride, preparation of, 176 
reactions, 178 

Acid radicals, in qualitative analysis, 31 
removal of heavy metals, 34 
A^hol, preparation of absolute, 216 
Alkali, carbonate-free, 64 
Allyl alcohol, preparation of, 184 
Aluminium chloride, preparation of, 136 
Ammonium chloride in qualitative 
analysis, 15 ; estimation of ammonia 
in, 57, 66 

Ammonium hydroxide, 4 
Ammonium salts, test for, 25 
Aniline, preparation of, 191 ; diazotisa- 
tion of, 195, reactions of, 192, 197 
Anisole, preparation of, 203 
Antimony trichloride, preparation oi, 139 
Aqueous vapour pressure, table, 216 
Arsenate, test for, 33 
Arsenious oxide, estimation, 80 
Atomic weights, table, 219 

Baeyer’s reagent, 167, 212 
Bariu^u, estimated by gravimetric 
analysis, 99 , hydroxide, 64 
Bafioity, 61 

Beckmann’s apparatus, 1 1 1 
Benzaldehyde, reactions, 204 
phenyl-hydrazone, 205 
Benzamide, preparation of, 180 
Benzanilide, 201 

Benzene, from benzoic acid, 188 
-azo-j8-naphthol, preparation of, 196 
-diazonium chloride, preparation of, 195 
reactions of, 196, 197 
Benzidine, tost for manganese, 41 
Benzoic acid, by oxidation of benzyl 
chloride, 1 88 ; distribution between 
water and benzene, 131 
TBenzoyl chloride, preparation of, 189 
use in Schotten -Baumann reaction, 200 
Bleaching powder, available chlorine in, 
82, 86. 106 

Boihng point, determination for organic 
compound, 189 
Borate, test for, 34 

Borax bead tests, 25 ; determination of, 
57, 63 

Boric acid, titration of, 63 
p-Brom-acetanilide, preparation of, 194 
Bromide, test for, 33 


Bromine, reaction with formic acid, 128 
Bromobenzene, preparation of, 187 

Calcite, use in standardising acid, 66 
Calcium oxide, in gravimetric a\ialy8is, 102 
Cannizzaro reaction, 206 
Carbonate-free caustic soda, 64 
Caustic soda, standard, 66 ; estimatior^ 
in solution with sodium carbonate, 69 
Cell constant, 118 

Chloride, estimation of in presence of 
acid, 93, 96 ; estimation of m solu- 
tion containing alkali, 96 ; test for, 
33 

(’Idoroform, preparation of, 172 
Chromate, test for, 33 
Chrome alum, preparation of, 161 
Chromous acetate, preparation of, 148 
Chromyl chloride, preparation of, 143 
Common ion etlect, 14 
Complex salts, 150 
Conductance ratio, 119 
Conductivity cell, 117 ; water, 118 
Co-ordinato link, 3 

Copper, estimation in copper sulphate, 81 
separation from cadmium in qualitative 
analysis, 45 

("ovalency maxima, 135 
(/ovalent link, 3 

(’uprammonium sulphate, preparation of, 
152 

Cuprous chloride, preparation of, 147 
('Cyanide, titration witJi silver nitrate, 94 

Debye and Hiickel, conductivity of 
electrolytes, 120 

Depression of freezing-point, 111 
Devarda’s alloy, 60 

Diazo-amino benzene, preparation of, 197 
Diazotisation of aniline, 195 ' 

Dibasic acid, ionisation of, 8 
Dimethyl glyoxime, 41, 46 
Diphenylainine, indicator, 76 
Dissociation constant, 7 ; ionic, 7 ; of 
weak electrolyte from conductivity, 
119, thermal, and vapour density, 
108 

Distribution law, 131 
Double salts, 149 ^ 

Electrochemical series, 9 
Electrode potentials, 9 
Electro valent link, 3 
Elevation ot boiling-point, 115 
End-pomt, of acid -base titrations, 51 
of oxidation-reduction titrations, 68 
of precipitation titratiorn, 89 
Equivalent conductivity, of strong elec 
trolyte, 120 ; of weak electrolyte, 
119 

Equivalent of acid, 51 ; of base, 53 ; of 
magnesium, 66 ; of metal in soluble 
chloride, 96 ; of oxidising agent, 67 
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Ether, preparati^ of, 163, 166 ; dis- 
tillation of, 164 

Et^yl acetate, preparation of, 173 
hydrolysis of, ^6 

Ethyh benjoate, preparation of, 189 
Ethyl bromide, preparation of, 160 
j reactions of, 162 

Ethyl chloroacetate, preparation of, 176 
Ethylene, preparsrtion of, 166; dibro- 
raide, preparation of, 166 
Ethyl iodide, preparation of, 162 

Faj ana’s method for the titration of 
halides, 92 

Ferrous ammonium sulphate, in volu- 
metric analysis, 70 

Filtration, 17 ; of precipitates in gravi- 
metric analysis, 98 
Flame tests, 29, 30 
Fleitmann test. 27 
Formate, teat for, 33 
Formic acid, reaction with bromine, 128 
preparation of, 183 

Glucosazono, preparation of, 186 
Gooch crucible, 98 
Gravimetrih analysis, 97 
Group separation of metallic radicals, 
24, 35 

Halide, estimation by gravimetric 
analysis, 102 ; estimation of m solu- 
tion of two halides, 95 
Halides, preparation of certain, 136 
Henderson’s equation, 125 
Hexaoetyl Mannitol, preparation of, 186 
Hofmann’s reaction, 181 
Hydnodic acid, reaction with iodic acid, 
84 

Hydrobenzamide, preparation of. 206 
Hydrochloric acid, constant boiling as 
standard, 54 

Hydrogen peroxide, estimation of, 72, 81, 
105 

Hydrogen sulphide, in qualitative 
analysis, 13 

Hydrolysis, 15 ; degree of, 123 ; of an 
ester of an aromatic acid, 189 
Hydroxylamine, titrated against titanous 
sulphate, 87 , 

Indicators, adsorption, 90 ; colour change 
of, 53, 216 ; theory of acid-base, 61 
Inert pair of electrons, 136 
Iodic acid, reaction with hydnodic acid, 
84 

Iodide, estimation of, 94 ; formation of 
- complex don, 132 ; test for, 33 
Iodine, m vommetnc analysis, 78 ; mono- 
chloride, 86 ; standardisation of 
agamst thiosulphate, 79 ; titrated 
against sodium arsenite, 80, 86 
lodobenzene, preparation of, 195 
’"odoform, p^pparation of, 173 ; test, 171 


Ionic mottles, 120, 123 
Ionisation, theory of, 7 
Iron in iron oxide, by gmviBMlllo 
analysis, 101 ; in specimen of itOQ 
alum, 71, 74 

Kohlrausoh’s law, 120 * 

Landsberger, modified apparatus, 116 
Lassaigne fusion, 208 
Liebermann nitroso reaction, 200 
Litmus, 62 

Lunge’s method for estimation of nitritef, 
73 

Magnesium, estimation in mafnesium 
sulphate, 103 ; test for, 80 
Manganese dioxide, estimation in 
lusite, 82, 86 

Mass action, law of, 0, 127, 128, 129 
Melting point, determination of, 167 
Metallic radicals in simple salt, 26 
in mixture, 35 

Methylamine hydrochloride, preparation 
of. 181 

Methyl orange, 62 ; preparation of, 199 ; 

screened, 55 
Methyl red, 62 
Middleton’s fusion, 210 
Mixed melting-point, 168 
Mohr’s method for titration of halide, 91 
salt, 70 

Molar solution, 47 

Molecular elevation of boiling-point, 114; 
depression of freezing-point, 112 ; 
reactions, 155 

•0 

A’^-chloraoetanilide, preparation of, 194 
transformation of, 127 ^ 

Neutrality and use of indicators, 51 
Nickel ammonium sulphate, preparation 
of. 150 

Nitrate, test for, 33 
Nitrobenzene, preparation of, 190 
reduction, 191 

Nitromothane, preparation of, 183 
o-Nitrophenol, preparation of, 201 
p-Nitrophonol, preparation of, 201 
a-Nitroso-jS-naphthol, 41 
cu-Nitrostyrene, preparation of, 206 
Nitrous acid, 10; in diazotisation, 196 j 
reaction with amines, 198 
Normal solutions, 47, 67 
Notes on analytical tests, 43-5 

Orthophosphoric acid, titration of, 61 
Oxalate, test for, 32, 33 
Oxalic acid, as primary standard in 
acidimetry, 64 ; for standardisation 
of potassium permanganate, 69 
Oxamide, preparation of, 180 
Oxidation, 10 ; in solution, 68 
Oxidation-reduction potential, 218 
Oxides, for preparation, 1 
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eqtHr&ldnt of, 67 

'Ion* 5 

A’'' 

pti0h l&Mr* And solubility of pro- 
'^p£twtoSi''97 

sulphate, prepara- 

to 161 

X beuzOne diazonium chloride, 

, jmaotions of; ^ 

,62; preparation of, 201 
X S^ration, 40 ; test for, 33 
OS oxwhloride, preparation of, 
^ ^^hloride, preparation of, 140 
JP fflMljiiim hnomate, preparation of, 144 
' with s<^ium arsenito, 85 

!Pot(tosua" preparation 

147 

‘Pr^,<Wtiim ^l@i<llllpra for estimation of 
ferric salt, 76 

Pptassiui&L sulphate, preparation of, 

. „ 

PtlirasSiUttl^d^^ preparation of, 

XtS " ' 

Pptasinuxh k»4a44, reaction with flul 
' ; phurous acid, 129 ; use for standard 
uatioa oi thiosulphate, 79 
potassium nitrate, estimation of, 60 
il^taaalam permanganate, use of, 67, 69 , 
pilparation of^, 146; standardisa- 
tion, 69 

Potassium persulphate, preparation, 149 
Potassium quadroxalate, standardisation 
of alkali, 65 
Potassium, test for, 30 
Precipitation, in gravimetric analysis, 97 
theory of, 88 

Prelinr inary tests in qualitative analysis, 
24 

Primary, secondary and tertiary amines, 
reactions, 197 

Pyrolusite, manganese dioxide in, 82, 86 


Qualitative analysis, introductory tests, 

18 


Raoult’s law, 111 
East’s method, 114 

Recrystallisation of organic compounds, 
169 

Reduction, 10 ; in solution, 67 ; on 
charcoal block, 24 
Resonance^ 156, 200, 202 

Salts, general methods for making, 1 
Sohotten-Baumaim reaction, 200 
Screened methyl orange, 65 
Silver nitrate teste, 33 ; standard, 91 ; 

titittlibb With sodium ohlonde, 91-93 
Simple salt, analysis of, 24 
Sodium arsenito, 80 ; titration with 
iodine, 80 ; titration with potassium 
bromate. 86 


Sodium carbonate, as primary standard 
53 ; estimation of in solution con 
taining alkali, 59; estimation of ic 
solution with potassium ‘carbonate, 
65 

Sodium nitrite, 73 
Sodium oxalate, 69 
Sodium, test for, 30 
Sodium thiosulphate, 78 ; prepaa^tion of, 
146 

Solubdity product, 8, 13, 88 
Solubility products, table of, 8, 43 
Specific conductivity, 117 
Stannic chloride, preparation of, 137 
Stannic iodide, preparation of, 13Kf> 
Stannous chloride, reduction of ferric 
salts, 76 

Starch solution, preparation, 79 
consistent results with, 79 
Steam distillation, theory of, 193 
Strengths of acids and bases, 124 
Succinic acid, as primary standard, 54 
Sulphanilic acid, preparation of, 198 
Sulphate, gravimetric analysis of, 99 
Sulphide, precipitation of, 13 
Sulphur dioxide, 10, 36 ; in solution, 7fi 
Sulphur monochlonde, prepi^^ition of, 141 
Sulphuric acid, 4 ; action on salts, 31 ; 
standard, 56 

Siilphuryl chluiide, preparation of, 142 

Tctrammino-cupric sulphate, preparation 
of, 152 

Thionyl chloride, 176, 189 
Thiosulphate, titration with bromine 
watei, 87 

Thymolphthalcin, 63, 62 
Titanous sulphate, 73 
Titanous sulphate, standard, 73 
titrated against feme salt, 74 
Titrations, 50 ; change of pH during, 52, 
125 

Transport numbers, 121 
Tribrom-anihne, preparation of, 193 
Tnbrom-phenol, preparation of, 201 


Unsaturation, 212 

Urea, preparation, 156 ; estimation with 
hypobromite, 104 ; reactions of, 151 

Valency, 2, 135 

Vapour density by Dumas’s method, 101 
by Victor Meyer’s method. 109 
Volhard’s method for titration of halidps, 
93 

Water, 4 ; ionic product, 6i ; of crystal 
hsation, 6 ; m sodium ciirhonate, 6C 
Weighing, 48 ; bottle, use of, 49 i, 

Zinc in zinc dust, 106 








